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NOTICE

When Government drawings, specifications, or other data are
used for any purpose other than in connection with a definitely
related Government procurement operation, the United States
Government thereby incurs no responsibility nor any obligation
whatsoever; and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifica-
tions, or other data, is not to be regarded by implication or
otherwise as in any manner licensing the holder or any other per-
son or corporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any
way be related thereto.

This report has been reviewed by the Office of Public Affairs (ASD/PA)
and is releasable to the National Technical Information Service
(NTIS). At NTIS, it will be available to the general public,
including foreign nations.

This technical report has been reviewed and is approved for
publication.

Richard W. Moss David E. Frearson
Project Engineer Group Leader
Crew Systems Development Branch Crew Systems Development Branch

FOR THE COMMANDER
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Charles R. Goss, Jr, Lt 01, USAF
Branch Chief
Crew Systems Development Branch

Copies of this report should not be returned unless return is
required by security considerations, contractual obligations, or
notice on a specific document.
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FOREWORD

The "Driver" for any Warfare System is mission needs. The
intention in this document is to relate detail design to the
Driver. It provides design information down to a detailed level
and provides the means for tracing these details back to the
mission needs. The intent is to establish the rationale that
links each detail to its mission needs and to the system concept
as defined by the Using Command.

Sections I and II present an overview of the mission and
systems concept of the Using Command. They provide a framework
against which detailed needs are to be developed. They estab-
lish the criteria for selecting and defining the system or
subsystem capabilities necessary to achieve the mission and
system concept.

Section III redescribes and expands upon the concept of
Sections I and II. The restructing is to organize the require-
ments in terms of functions needed and to expand the description
to include requirements which are either implied or are deriva-
tions to support those initially specified. The content is aimed
at providing an awareness sufficient to put the judgment of crew
system details in proper context.

Section IV addresses the crew system issue as a system rather
than as a collection of bits and roieces of equipment. It at-
tempts to delineate the total characteristics of the system and
to define those characteristics. This is done in terms of needs
and constraints for the crew system design needs. These needs
were originally established in the context of the mission and
system concept of Section I and II. They are further defined
in terms of technological capabilities, cost tradeoffs and
established principles of the applicable technologies.

Section V attends to the methods of testing the suitability
and effectiveness of any crew system which is proposed for
compliance with the criteria herein.

Section VI describes a means for organizing and assimilating
the test data and for deriving an assessment based upon those
test results and thie subjective judgement of consulted experts.

The structuring in a systems context does not mitigate the
need to focus on specific topics in the actual design and devel-
opment effort. Format and indexing of this document provide the
opportunity to readily separate all data relevant to a specific
designer's sections as control, information, etc. Extracting by
topic (e.g., hydraulic, oxygen) from each section gives the com-
plete story for a specialist.



A- you read the book you will notice statements specifying
requirements for systeris that are already part of the aircraft
and do not need to be specified as new requirements. They are
incluied here because this document has a broad system orien-
tation and the new crew system criteria need to be presented in
the total system context. Considerably more detail could be pro-
vided, but is not since most of the present C-135 systems are
adequate.

The crew system requirements and criteria detailed herein are
firm only to the extent that requirements and constraints remain
as defined and that the assumptions used are valid.

The development of these design criteria was conducted under
a Memorandum of Understanding between the Aeronautical Systems
Division (ASD/SD28, Airlift Systems Program Office) and the
Flight Dynamics Laboratory (FDL), Wright-Patterson AFB Ohio.

This report was prepared in part by ORLOC located in
Kettering, Ohio as a sub contractor to the University of Dayton
'_.ndr USAF Contract F33615-79C-3030 and in part by the Bunker
Raino Corporation, Electronics Division, Human Factors Group under
USAF Contract Numbpr F33615-78C-3614 located in Dayton, Ohio.
Mr. Richard Moss (AFWAL/FIGR) is the Program Manager. The work
was under Project/Task Number 23915200.
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GLOSSARY OF TERMS

NOTE: All terms within this glossary are not found within the
report. They are included, however, because they form
the common language used by the design community. Their
importance is in having a common reference from which to
communicate with others. AF Manual 11-1 is the standard
reference for terms not included in this glossary.

AIRBORNE SIMULATOR TEST - A testing of the proposed design in a
specialized test aircraft. A complete hardware representation of
the proposed design is incorporated in an aircraft (in the cabin
or as an appendage on the nose) . Sophisticated computer and con-
trol devices permit tailoring the real or apparent dynamics of
the test vehicle to those of the design vehicle performance in a
flying environment. This is considerably more expensive and time
consuming than all prior tests. It can yield data not otherwise
available and produces the highest level of confidence in the
results, except for OT&E.

AIRCRAFT SUBSYSTEMS - Lesser systems which are components of major
aircraft systems. For example, subsystems of the hydraulic system.
might include landing gear, brakes, wing flaps, nosewheel steering
and speed brakes.
NOTE: The terminology "system" and "subsystem" are often used
synonymously.

AIRCRAFT SYSTEMS - Major components of the aircraft which operate
from a common source of power, provide a common power sourc- to
similarly powered components, or perform a major function engulf-
ing lesser functions or components, e.g., hydraulics, electric,
flight control, pressurization and air conditioning, engine
power, fuel.

ARCHITECTURE - Design and selection of all facets, establishing
character, style, the collective relationships, the structure
(e.g. federated vs control computers, multiplexing, language,
executive control, redundancy, groupings and isolation).

ASSESSMENT - Appraisal -- to judge the character, the value.

AUSTERE AIRFIELDS - Those airfields without navigation aids and
in most cases, short landing areas without paved landing sur-
faces and other facilities necessary for operation of typical
medium/large size transport aircraft.

COCKPIT INTERFACE - The means provided for the flow of infor-
mation to and from the pilot. These include the display of
information available to the pilot as well as the type and
characteristics of the cockpit controls.
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AiiI.DiAH{V,'.TION - A:-. a na lys is- of I ne
tun-t -oa vfb',hiclte e to idcnt c, rqcanlze and quantify tne
Ye V ant oarcime)to (1 : Size ans coifiquration of com-
,),rtIC I .r I ,v' j:',,iitcJ I mits impose condi-
tionsz, upon workspace ayoudt. Time to pressurize - can require
isolation ot fliqht deck.)

CONFIGURATION - The aircraft q,-ofpetry as established by the
actual position or movanLe )ortions ana surfaces controllable by
the 7cl-Iectors, -tna tetate or operabilitv of on-board systems.

CONTROLS - A iist inct;: i mae -)etween the tvpes of controls in
the cockpit accordina to -heir fLnction. Principal controls are
the primarv and secondary contr:ols.

Primary - .oe contrc Ls I... ied by a pilot to continuously
modify tne movement of the aircraft.

Examples: Pitch, roll, yaw controls, throttle, DLC.

Secondary - Those contro]{ u ed ny a pilot to make discrete
(:na AC,: .ivement or balance of the

e 'modifving tne need for
actuDa:ion o' the primary cc)ntrols.

Examples: Pitch, roil, and yaw trimmers, aerody-
,rakina devices.

,ector s Thc'-. :,czp: co. tr-is available to the crew for
ch.ac; ir; aLrcraft configuration.

Examples: Flaps, slats, wing sweep, DLC.

QONTROI,/DISPLAY PARAMETh]R DER]IVATION - An analysis of the mission,
rie mission eauifr-ent and the vehice to identify, organize and

.v- ' ,, ": :- i ored ,-nd controlled.

1, )C) -oie, con.idering all ,xi-
enr : ia a . w Vi permit the designer to deline-

altitude range, -ccurac, an,i rate ot change of altitude for
;tn barometric -inn i I a 'LLti conaitions. This is information

w:-''- dt n. n1isu y t. 'ie control purposes.)

JONSj,' AI[PVAYS - The estar,1i.hed Federal airway route structure in
, unitd Stat-;,:- is aie n:; K, a- serires at groand-based naviga-

tor. aids nroadcant ' magnet; c nearing information on the very
i'Jlh frequency nound ( iiH-"' fi 8 i08.O to 117.9 MHz and distance
information on the ultra high t requency (UHF) band from 962 to
1211 MHz. Area Navi,-itian (RNAV) Routes and terminal procedures
based or, RNAV a,. in se; and are ext"ensively used in FAA future
plans. An RNAV capability with a vertical navigation capability
will he necessary. The equipment must receive the respective
broadcast information and provide aircraft lateral and longitu-

dinal position information to the aircrew. Range and vertical
navigation information mos-.t also be available for the aircrew.
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The Federal Aviation Adminitration (FAA) requires that all air-
craft operating within Federally controlled airspace be readily
identifiable to their ground, radar-based traffic control sys-
tem. The aircraft must he equipped with an identification
beacon capable of transmitting certain selected, coded signals
receivable by FAA radar. The FAA also requires that aircraft
operating within controlled airspace remain in voice contract
with the ground-based airspace controlling agencies. All of
these agencies transmit and receive voice on the VHF band from
118.0 to 135.9 MHz. Additionally, some of these agencies trans-
mit and receive on the UHF band from 220.0 to 399.9 MHz. Coastal
airspace controlling agencies also transmit and receive on th( HF
band from 2.0 MHz to 29.999 MHz.

CREW DUTIES - The tasks to be performed by a single crew member
or the division of duties to perform the design scenario when
the system is operated by more than one crew member. Tasks are
assigned based upon operator skill specialities, space and geom-
etry available for location of operational components, stress
levels and time available versus time required to perform the
task. (Example: Pilot's tasks include flight control, power
control, communication, scanning for other air traffic, etc.
Navigator's task include operation of long and short range navi-
gation systems, operation and interpretation of the radar system,
fuel planning, etc.)

CREW SIZING - The number of crew members is established
considering: operator workload, degree of automation, limita-
tions in system/vehicle size (i.e., space to operate), cost fac-
tors and desires of the customer. (Example: Tasks of flight
control, communication, navigation, power control and mission
performance require 2 pilots, 1 navigator and 1 flight engir-er.
Space limitations and customer desires restrict the number of
crew members to a maximum of 3 people. The design is revised to
reallocate duties among crew members AND the machine. Redesign
of equipment or inclusion of additional automatic capability is
probable.

CREW SYSTEMS - The interface between the aircrew and the aircraft
systems including controls, displays and operational procedures/
logic; that portion of aircraft systems/subsystems that are
affected by the aircrew.

CRITERIA - A standard of judgment; an established principle tor
testing.

DESIGN SCENARIO - Portions of the total mission scenarios that
are selected for use in designing the system and for bench mark
testing. Segments of the total mission scenario have been elimi-
nated because they were contained within other segments, deter-
mined to he noncritical, determined to be redundant or for other
similar reasons. The design mission scenario may be described in
the same variety of ways as the total mission scenario (i.e.,

Xii l



summar, narrative, narrative, riobon-in-tne-sKy, altitude/timeline
curves, desiqn scenario timeline). Typically, it is described in
all of these ways during the process.

DESIGN REVIEW - A rormolized process where by designated repre-
sentatives of various concerned organizations review and critique
the design. This is conducted during the design process and may
ce repeated several times. The trial desiqn is described to the
Design Review Panel and they in turn may view it intimately in
the mock-up. The mem-bers submit written remdrks, critiques and
requests which serve as guidance to the design team. It provides
a useful check on concerns of standardization and static design
features. However, it makes no attempt to deal with the dynamics
involved with mission scenarios. Typically, the Design Review
Panel includes a representative for each of such organizations as
procurement, management, logistics, operations, I.G., requirements
and engineering.

DYNAMIC REVIEW - A relatively new procedure which emulates the
"Mock-up Review" but extends the effectiveness of the review pro-
cess. It is used by the design team for the development process
and for presentation to the Review Panel. The procedure includes
a representation of the dynamics to be encountered by the crew
during the mission. One or more crews "operate" the system in
accordance with tne (design scenario. The three major changes
from tne Design Review are (1) mission oriented test subjects (2)
test conducted against the design scenario and (3) tests conducted
in an experimental manner. (Example: 10 crews, each consisting
of a pilot, copilot, navigator and loadmaster, all currently
qualified to perform the USAF tactical aerial resupply mission,
are trained on the systems with which they were unfamiliar, pro-
vided with checklists for normal and emergency systems operation,
briefed on the missions contained in the design scenario, and
provided with all necessary forms and flight publications. The
crews then "fly" the design (or series of designs) by simulating
,,ert'orm&nce of all task. as they are guided through the mission

-'-,, Lxpr irre - 's z-t c pt Expertmenters collect subjective
data throtigh questicnna'.es &nd debric -ngs.

DYNAMIC TEST (SIMULATION) - A testing of the proposed design
against the Design Scenario using simulation to represent
aircraft dynamics and avionics. Simulation of the visual scene
and cockpit motion may he included. This is an iteration of the
Dynamic Test (Mock-Up) process with a considerable increase in
the sophi st ication of the test and fide ity of replicating a real
world condition. The increasedi sophi.;tication and fidelity pro-
vides a significantly higher degree of confidence in the results.
It is expensive and time consuming and therefore justifiable
only after simpler screening devices e.g., Dynamic Test
(Mock-Up) and Design Review have given adequate assurance of
the validity of the design. The equipment should simulate,
as closely as possible, an operational model of the proposed
system design. The test is conducted similarly to the Dynamic
Test (Mock-Up), using the same caliber of test subjects, and the

X V



same design scenario. Both subjective and objective (perfor-
mance) data can be collected with the more sophisticated equip-
ment. (Example: Mission qualified aircrews test the system
design by performing the design scenario in a flight simulator
with all of the controls and displays installed, on which most
of the critical systems simulate operation. Experimenters pro-
vide representation of communication stations - tower, ground
control, other aircraft. Realism also requires ground school,
flight training, preflight briefings and post flight
debriefings.)

EASILY INTERPRETABLE - Values and/or information displayed can be
determined with a high degree of accuracy without additional
measuring devices/scales.

EVALUATION SCENARIO - Portions of the Design Scenario that are
selected for use in testing/evaluating the system. Ingredients
are chosen to represent most "worst case" uses/operations and
to condense the Total Mission Scenario so that 'ess time is
required during the testing phase. The evaluation scenario may
be described in the same variety of ways as the Total Mission
Scenario, however, it is typically only described in the form of
an evaluation scenario timeline. (Example: Long, relatively
inactive inflight cruise segments may be eliminated, similar type
maneuvers may be flown only once rather than repeatedly, and
mission segments ma" be condensed or combined to address the
issues only during the high aircrew workload portions.)

EXPERIMENTER'S SCRIPT - The words to speak during mission commu-
nications and the actions to take (staging) by the experimenters
during the test/evaluation process so as to assure that all test
subjects receive essentially the same information inputs. The
script is placed along the same timeline as the evaluation sce-
nario. (Example: At time 01:28 + 15, Boston Center transmits,
"Blue one flight, climb to FL300. Change to New York Center on
133.95 and report to them passing FL280 and leveling at FL300.")

FAILURE STATE - A steady-stat- failure characterized by the
various failed systems that affect the handling qualities. The
dynamic effect or a failure is called a change of state and
should be noted separately.

Examples: Any fai.ur€ rc lting in loss of selected func-
tion. Engine taiiure, augmentation system,
ailure in stability, autothrottle, primary
il~q't contrl system (power boost, electric
stick, servo control feel, etc.) or secondary
1-iight control system (trim, aerodynamic brake,
etc.,.

FLIGHT or SORTIEt - A complete sequence of flight phases of an
aircraft within one ot its roles. Full or complete mission.

Example : TLe composIte .! takrol: , c] imb, cruise, eomba t
(or othe: special phase) , dhoscent , approach
_andin;.
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FL[IGH' PHASE - A oe: ,inated :ort ion or s.;,jmen't of a complete
flight. A mission nhast ,. A flight phase may be represented by
one or more separate tasks.

Examples: a) Conmo: pnfld; -- tdKCOft, climb, cruise,
desrcTnt, approach, and landing.

(b) Sptcial cha. >es reqyIreo by role -- formction,
<.eruelin, air-to-.iir or air-to-ground combat,

,, , .rgency conditions (i.e., 2-
¢(N A-e.-srpe reration, emergencv descent, etc.),
VTOL transition, VTOL hover, STOL takeoff, and
STOL apprcach.

FLIGHT SUBPHASE - i'na- pa. t of a flight phase having a single
objective, and a single configqration or change in a
configuration.

Examples: Air-to-air tracking, terminal area holding, glide
slope capture, localizer capture, ILS tracking,
wave off.

FORMAT A symbot o, group of syvmbols arranged in a specific
manner to portray,/display information.

FUNCTIONAL REQUIREMENTS - A description of the total needs of the
Warfare System organized and expressed as a listing of all of the
capabilities which the, weapon .ystem must have (or contain) in
order to satisfy the needs of the requestor.

FUNCTIONAL SYSTEM DESCRIPTION - A description which identifies
and describes, in conceptual terms, the subsystems proposed to
satisfy the capability needs listed under Functional Require-
ments. Also described are the significant interrelationships
among these conceptual subsystems. This is, in effect, the
first overtl decr. -t ion of -ow tne weapon sysem is to b&
Sr ture a:mc how -t -iurct ion.

HANDLING QUALITJES - Thoe qalities or charac- -ristics of ai
aircraft that govern thc ease and precision with which a pilot is
dble to perform ti-, tdSkS eqI.red in support of an aircraft
r o 1 c_.

INTUITIVHLY OBVIOUS - Can he described or operated correctly
without traininq or explaration.

MANEUVER - A planned and regulated movement of an a.rcraft tor
the Purpose of aiiing the completion of a given control task.

Examples: HanK, trn, dive, pullu p, t:urn reversal, roll
reversal, rolling pullup, steady sideslip, return
from sideslip, control steps and pulses, main-
tonance of a steady condition.
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MISSION - The objective, that is, the task together with its pur-
pose, thereby clearly indicating the action to be taken and the
reason therefore. The composite of pilot-vehicle functions that
must be performed co fulfill operational requirements. May be
specified for a role, complete flight, flight phase, or flight
subphase.

MISSION DESCRIPTION - A description of the job or jons to be
done. It addresses the intent or end objective and includes a
fair amount of detail in terms of the employment and conditions
of operation. The total effort stems from an adequate and
complete mission desc-iption and therefore the quality of this
effort determines the quality of the design product. Extensive
coordination with the customer is essential. (Example: Vehicle
is to support Ground Forces by transporting troops and supplies
to the battle area. Transport i special forces team with full
gear and equipment to an aerial drop zone behind enemy lines
where enemy threats to the aircraft exist.)

MISSION NARRATIVE - A C..c priorn of the planned use of the
system told in stor/ (,r say) o'orm. Description is presented in
terms of the reds scqunce and cescribes roles, activities, rela-
tions ann ave n t .3 X' aircraft will depart Boston as
]eader i 2 : :, T a ,arrying a 23 man special forces
team, i ep . * ; The flight will proceed at an
altitude o: ?i7,OC . No ew. indland and rendezvous with a
KC-135 tanker. -.P con e with route, destination,
enroute weatr',er, M.t m ission taSKs, threat, recovery proce-
dures, etc.

MISSION SCENARIO T[M.' \1 F 0 A .,:SIGN, EVALUATION) - A very
detailen descri. on oa ise ues/operations that the system iust
he ')5i(,Ic *o > in t xpecred operational environment.
" incljdn asK pei 1orrmv bi the aircraft and each of the crew

members shown agc: ns" tho tisl, (elapsed, GM?, local, etc.) at
w ta: , -. ';i. of the methods by which the

,pprpr at o i n canar io ma.' . descr-ihe. Example: At time
S:2, ,. pe, ., )ecins climb to FL300. Copilot
r r t,< -, .: ,amaster rr aefs passengers on

nxyjr, n m i.; , r,.,.:

MV[;:S]LN iI'Ai,, ton (C: the various ta;'ks
which- - u .a-1 i e-i-f- m i-'Lon. xExampIe: Precise positioning
. lspace- wit!. r, pect to es :ea drop zone. Maintain stabi-
iizod l'ight w - iar-, cargo ,ass. Estal ish and
maintaire cT5 ; .P c t,<n wtor ground troops. In-flight
refueling during rtt,]rrn Le .)

MOCK-UIP PEVIEW - A ro r6 1 , . , bing pre -ent,,d .n
-- ,,nt nd - - 1;7e:i I -rm. r n at o 7 ,

Sion, ot rh'-. ")-1 1 P' t (' n;[ ,¢{. l
'  

) G :F h {), : ~ :. i3i (

in the B0,if, Rr'':cow r , . e , in maaln~c nyc..
Cond;;ct ol P ' r t V 01.71 a n e -v I , w.



MOCK-UP SHELL - A full scale replica ot the system wherein all
dimensions of the vehicle are accurately presented. It includes
accurate location and dimensioning of structural members which
relate to ( ,r interfere with) the crew compartments and their
equipments.

OPERATION - A military action, or the carrying out of a military
mission, strateqic, tactical, service, training, administration;
the process of carrying on combat, including movement, supply,
attack, defense and maneuvers needed to gain the objective of any
battle or campaign.

PANEL LAYOUT - Arrangement an6 location of the components in
workspace/panel space available. Consideration is given to
grouping functional activities, operational control, etc. The
controls and displays are arranged on the panels and consoles
according to some pattern such as the systems that they pertain
to, access to the crew member who will operate the system,
ingress/egress considerations, vision requirements, etc.
(Example: Attitude is aligned with pilot's center line and HSI
is directly below the attitude on the center line for symmetry
and correlation with control actions for control of line of
flight. )

PERFORMANCE - The precision of control with respect to aircraft
movement that a pilot is able to achieve in performing a tasK.
(Pilot-vehicle oer:formance is a measure of handling performance.
Pilot performance is a measure of the manner or efficiency with
which a pilot mov. -he principal controls in performing a task.)

REQUIREMENT - Something essential to the aircraft/weapon system.
The need or demand for personnel, equipment.

RIBBON-IN-THE-SKY - ii'or purposes of oriefings and discussions, an
artist's concept sketch is often used to provide a pictorial
rr. 5n - Ion o; tne total fi ight path for a mission. Skctch
ic]~ ,h tree n'.ns:onal data and notations of specific task
oboectives- (e.g., cnrhits, refuel, LAPES).

!,TI r: - An ai rrrf t a mission or i n direct support of such a
m i1 S1on. (One ta e ,': and one full stop landing)

1;PXCI FICATION - A .JTtailed, precise description of the weapon
i,'[sten, it, ;hrdware, sotftware, geometry or other design
pa r a m 't C: I .

SA', F - Tho man:;s di:;t bhutior. and I-ailure situation that deter-
mine completely the ;eavior characteristics of the aircraft. A
state without a failure is a normal state.
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STATEMENT OF NEED (SON) - The requirement for a system as stated
by an operational organization. Usually a general description of
the desired system and its intended use. It may also contain
some very detailed needs or constraints. (Example: Vehicle will
be a large jet transport aircraft capable of rapidly moving a
company of troops and their equipment to worldwide locations and
landing at austere airfields. The system must include anti-skid
braking.)

SYMBOL - A sign or code used to represent something else.

SYMBOLOGY - One or more symbols which make up a format to
portray/define information.

SYSTEM VALIDATION - "Proof of the Pudding". The ultimate test is
operation of the real and total system in the context of the real
problem. It is for this purpose that prototype vehicles are
built. Emphasis in the prototype programs has been upon vehicle
and propulsion aspects. However, the increasing expense and risk
of effectiveness related to avionics and crew performance are
making total prototype validation more realistic.

TASK - The actual work assigned a crew member to be performed in
completion of or as representative of a designated flight
segment.

Control - That part of a task which requires continuing
actuation of the principal controls and use of
the selectors (see "CONTROLS") as required.

Examples: Movement between specified points, tracking part
of weapon delivery, ILS or VOR tracking.

Auxiliary - That part of a task which involves the crew
member in actions other than direct control of
the aircraft.

Examples: Navigation, communication monitoring, and selec-
tion of systems.

TASK ASSIGNMENT (MAN-MACHINE ALLOCATION) - The very specific
duties of the aircraft and each crew member during the design
mission scenario. Each crew member's tasks are olaced on the
timeline based upon predetermined operational rocedures, systems
training, access --o the controls and displays and coordination
process with other operatmr:.. (Example: At time 1:28 + 30,
Pilot moves throttles 'o set climb power, checks power indication
on gauges, pulls back on elevator control to begin climb from
FL250 to FL300, checks aircraft attitude and airspeed on flight
instruments. Copilot presses mlcropnone button, transmits report
to Boston Center that aircraft is leaving FL250 and scans outside
the aircraft for other traffic. Aircraft maintains lateral
cour.;e through autopiiat and navigation management sy'stems.2
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TEST PREPARATION - All of the actions taken by the experimenters
and support personnel in preparation for the test. Generally,
the more sophisticated the test, the greater amount of prepara-
tion required. (Example: Fabrication of test vehicle; design
and fabrication of experimenter's station and equipment; prepara-
tion of the test plan to include experimental design type of data
to be collected, specification, selection and obtainment of test
subjects, and test ag-enda; training materials for the subjects
including descriptions of the systerms and weather, route, threat,
mission, crew operating procedures; briefing materials including
mission, route, threat, fuel, weather, etc.; test operating
materials including experimenter's script and operational
checklists; data collection including objective data parameters,
methods and formats, and questionnaires, debriefings and obser-
vation forms for subjective data.

TIMELINE ANALYSIS - A derivation of time and motion studies
wherein all the monitoring and control requirements for the
entire mission scenario are examined against a time base. The
time interval can be a fraction of a second for highly active
flight phases or changed to several second or minute intervals
where activity is relatively dormant. This is an aid in esti-
mating workload, and allocating, tasks among the crew or to the
machine.

TOTAL MISSION SCENARIG(b, - All portions of all missions or sor-
ties that the aircraft will accomplish. Typically many portions
are repetitious, such as takeo f, climb and cruise segments
accomplished under similar environmental conditions. All mission
scenarios must be considered durinq the mission analysis phase of
design in order to assure that all aircraft capabilities are
defined. The total mission scenario(s) may be described in any
of several ways includinq (i) summary narrative, (2) narrative,
(3) ribbon-in-the-skY, (4) altitude/time profiles and (5) mission
scenario timeline. Typical1 ,, only summary narrative and narra-

VALIDATION - Tj sibstntiate. 'o confirm. To give official
sanction, conf1rmai, or o pi va.

VEdIiCLE DESCRIP'ION - A j-enoric description of the vehicle which
is needed, or proposed, to meet the SON. (Example: The aircraft
will be a four engine turDo et, high wing, large footprint STOL
transport capable of being aerial refueled as a receiver and
transporting outsize c,rrio.)

VEHICLE FUNCTIONS DF SCRIPT[ON - A description which is essen-
tially internal to theT vehicl-. It is directed to the internal
working o the vehicle and the functions which the vehicle must
have in order to saristy the -lneric description and the mission
requirements. (Example: High altitude equipment, heating and
cooling, pressurization to cope with the planned ranges of alti-
tude and weather; aixiliary power and self start for remote



locations; lift augmentation and drag devices for short fields,
self contained navigation for operation to remote areas
worldwide.)

WORKLOAD - The integrated physical and mental effort required to
perform a specified aircrew task.

Physical - The effort expended by the pilot in moving or
imposing forces on the controls during a spec-
ified piloting task.I

Mental - Mental workload is at present not amenable to
quantitative analysis by other than pilot eval-
uation, or indirect methods using physical
workload (input) and the task performance
measurements. An example would be the improve-
ment associated with flight-director type
displays which reduce the mental computations
normally required of the pilot.

WORKSPACE LAYOUT - The geometry of the entire crew station. The
crew station is the mobile office where man, machine and job
interface and where decisions are made. The validity of those
decisions and the resultant success or failure of the mission are
directly related to how well the crew station is designed to
fulfill the requirements of the crew members. (Example of things
to be considered during layout: seating, panels, consoles,
reach, vision, visibility, ingress/egress, lighting, headroom,
etc.)
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~IUF Ai<Fk'-ViA11COJS

ADD At t i L ce DireOc -kL Di play
ADF !ut omit ic' Direct ion F: nding
AD i At tit Director Indicator
AFFDL Air Fu-rce- Fl-ight Dynamics Latroratory
AFWAL Air F1,orce Wright Aeronautical Lab-oratories
AO I Ab,(vkv -rnLid Level
AHRS A%- truue- -ind Heading Reference SyLstem
AQA Angle )r Attack

A/ R Aif Ret-ueling
APU AUXiliary Power Unit
ARA Airborne Radar Approach
ARCP Air Rttuelinq Cc-ntrol Point
ARCT Air Refireling Control Time
ARING Aeronautical Radio Incorporated
ARIP Air Refieling Initial Point
ASD Aezonauticcl S%,:tems Division
ATC Air 'ra1ftic C-ortrol
BDHI i~aiqDsa~eHaigIndicator
B ITE Bui lt In Test Equipiiernt
CADC Cer.tral Air Data Computer
CAS 2 1 rtdAirspeed
CG C-ri or Gravkity
CDO o l~ Un . t
CRC/GCI Conlit Rerpor ingj Center./Ground Control Intercept

Cr(I ~ (~ \ ' n Io

DD r De fenste

D C S Doe -n> t,, I .11 e Comii ,n ica t.ion-s Sys tem
1r,. 0 zc c ical Power Supply

oAdministration
'A R Fo tm, Regula tion

Fil U L, Laboratory

6 A

~ , '~fntercept

GP~ '. '.... ")Fninq System

(;ow.; *i: u .0: ii Warning System
GS~ ~ So a(d ed



b'W'"SSB li n Fr c ,i -:vy/Sinq ie Side Band
iSD ior zonai! Si-tuation Display
HSI ior'?7rntcJ Situation indicator
IAS -ndicated Airspeed
ICAO international Civil Aviation Organization
IF/SIF Identification Friend or Foe/Selective

Identification Feature
IFR Instrument Fright Rules
ILS Instrument Landing System
IMC Instrument Meteorological Conditions
INS Inertial Navigation System
[/O Input/Output
JTIDS Joint Tactical Information Distribution System
K Knots (often precedes CAS, GS, 1AS, TAS)
KHz Kilonertz
LF ,Low Frequencv
MHz Megahertz
1.LS Mcrowave "andinq System
MRT Military Rated Thrust
MSL Mean Sea Level
NATO Not At-ntc Treaty Organization
NM Nauticja- Miles
RAF Royal Air -'orce
RMI Radio Mgnetic indicator
ROC Opera:iona" Capability
SPM ,<evo,,, zon3 Per Minite

SAC straze;.c Air Coand
SEL/CAL e ec t1Ve Cal
SON .tt en,e n of Neeo
SSB Sin ;e Siden Jane
SKE o, Keeoicq Ecuipment
TACAN .'ac- icA Ai, Navigation System
TALAR Tactica, Approacn and Landing Radar
TAB
TRT 7 aK 7.- - Rted Thru.st
UHF k-rit a:, r uencv
ViF v i , uncv.
VMC' s ., o>_g cal Condition
VOR Y' O'iT' recliona, Range
WX Wea t:,. -
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SECTION I

INTRODUCTION

This section provides the weapon system requirement as
defined by the Using Command along with all formally stated
goals, conditions and constraints.

This Design Criteria Notebook provides criteria for revision
of the existing crew stations of the KC-135 aircraft under the
"KC-135 Avionics Modernization Program" (Ref. 1).

In-as-mucn as mission. performance is dependent upon th,,,e
effectiveness of the crew and its ability to use the vehicle, it
is incumbent upon the procuring and developing agencies to assure
a crew system design which is compatible with crew behavior,
capabilities, and limitations, vehicle performance, avionics
equipment and tne drsired mission objectives. It is the objec-
tive of dhis document to provide, for use of the procuring and
developing agencies, criteria which consider all of these factors
in appropriate balance and in a total system context.

in developing the criteria, a methodical, iterative process
is employed in conjunction with the Using Command, the System
Prelect C ffrce, th e AFSC, and other agencies. It involves
+xau:scive descriptions of desired mission and vehicle perfor-
<ance, examination of crew/vehlcle/mission interfaces, equipment
assessment, trace-or: studies and system performance assessment.
The objective is the determination of the essential criteria to
w"ic. a crew system m-st conform if it is to satisfy the goals
(needs) of the Using Command for a specific weapon system.

The KC-i35 Avionics MVodernization Program is responsive to
ob-ectives set fort.. in SAC directives and Required Operational
Capaility .RGC) documents (Ref. 2). Specific goals are improve-
ment of navigation system performance, modification of the crew
complement through; tiimination of the navigator and installation
of modern navigation systems. These have been strictly observed
-n the draftino ol: crrte i a.

Derail program ,7 ectlves aro as follows:

1. Reduce crew :iec v liminating the navigator position.
Functions now perrormed by the navigator will be handled
b,
(a Incorsocrtng the functions in a revised avionic

(o( Assigning "hem to another crew member, or
(c, Elimin:ting them.

2. Th,. reviseri crew systom will have greater capability
than the present system.

_ __



. A-' ., ,m .r ,,1> -- Ivlqat ion C.) - , Ctems fnctior..,
S ,!s C-,e, c-poj e u' *c, ins o,, oi n oc or controlled from
.....;ot lo 0 02 lot stat ion.;.

4. A t-.. .. : +rt ,o CuulO n0 under c)i ot
P~n~ u ~ouia*_ t~1 time s inform thf

oilot of wht it is uttempting to do (e.g., maintain
alt tude, fo low a co.:rst!) Lnd provide the oiiot with
me ans ro: itS oroqress in achieving that

5. T h ystem soti ,4 a'vist- the pilot of its own status and
a..... lit, inc]_,Aing remaining capability in a partially

6. Capa ility r.s be provided for the pilot to make easy
and ratur,,11 control jnnuts. Waypoint coordinates, for
instance, .hould ne innertable in any of a number of
ways, including; latitude/longitude, bearing/distance,
or g;ridA coordinates.

7. C-aies in :,ocecreK ann .n the forms to be used will
: --n ' .1L stpfr, efecuiveness can be enhanced.

2. i- . . , ttectivwness is desired. Providing
t.. -,n ':-e tan-er, rather than on the receiver is

an a(C, . m iieans to achieve improvement.

Basec, upon a .examination <-f tne objectives set forth in the
docum-n- .e f olowisnj additional conditions were inferred:

1. Lntec-tior, 'A raviqation, radar, and autopilot systems
r ot a.mornaming some flight operations.

2,ctKtIos snqouli he coniatible with
, -, mooi ~ra n or, r< oted for the ..-135 fleet, and
ioi ta e Advanrage of the increased operational capa-

hil ie-, Pro"ided by the new systems. Projected modifi-
:rations which affect crew systems (Ref. 3) are:

ARN-\ I " ACAN in progress - FY81
AN- ) 9V Rada r In progress - FY81
;ier tid 1  nav ,Iiariuj, systei In progress - FYI?,
.omrmn)n strate,.<: doppCer In progress - FY82
17CEPS solid suat'e converter FY83 - 88
HF,/SSB radio FY82 - 83
VHF radio ARC-186 FY84 85
UHF/'VIF secure voice FY82 - 66
Global Positioring System (GPS) FY82 - 84
AHRS and Autopilot Gyros FY83 - 86
Wingiets FY83 - 88
Re-engine Program PY83 - 90
Standard Itiel Savi;ngs Advisory System FY83 - 83
Advarnced A.,r R(e2f t a Boom FY84 - 87



SECTION II

WEAPON SYSTEM

This section orovides the genesis of the weapon system

requirement. The mission, as the driver and motivator, has been
developed ;)y the Using Commsand.

Operating conditions and weather complicate the problem and
pose additional requirements upon the system. The actual vehicle
and subsystems do not have unlimited capability (a technology
limit and a physical limit) and therefore, in the context of
mission desires, must be regarded as a constraint.

The proposed mission applications are described and examined
for their requirements impact upon the vehicle and crew. To

facilitate the examination and to provide a bench mark for sub-
sequent assessment of candidate designs, a composite is estab-
lished of all critical mission tasks in a complete and realistic

scenario of employment of the Weapon System. This is identified

as the Design Scenario.

A. MISSIONS. This is a multi-mission aircraft capable of:(!)

transporting aircraft fuel and providing inflight refueling; (2)
airlift of cargo and personnel.

FUEL TRANSPORT/AIR REFUELING. The system is to transport
ruel for use in designated USAF, USN, USMC, and NATO aircraft.
it is to rendezvous with other aircraft and perform air

refueling.

a. RENDEZVOUS. To accomplish an air refueling the system
must rendezvous with the receiver aircraft by navigating to a
predetermined location, then utilize various means compatible
with that of the receiver to arrive at a position within visual

ranae of the receiver. The means presently utilized to accommo-
date any type of rendezvous are: (I) search radar with the capa-
bility of receiving/displaying range and bearing/beacon signals
and skin paint; (2) TACAN capable of transmitting/interrogating
TACAN range siqnals to and from the receiver; (3) UHF direction
finder capable of receiving a signal in the UHF frequency band
from tnr ruceiver i n.d displaying a bearing to that aicraft; (4)
others, ir.iaJirg ATC, CRC/GCI, HF radio, IFF, Timing and visual.

After visual contact has been made, aircraft lighting systems
provide illumination for night refueling operations and for sig-

naling the receiver int. ) position during radio silence opera-
tions. For normal daytime refueling, voice communications are
used to signal tne receiver into position. (Ref. 4).

b. FUEL TRANSFFR. The system is to he capable of

refuel ing 3 uani/ equippeo receivers through a standard USAF
nOOm .;yitcm or d roq3o system. Some KC-135 aircraft have
highspeed booms nut- these are not addressed in this program.



AIRLAND 1)EliVthti<. the aircraft urovides accommodations
and environment appropriate to the transport of personnel and
cargo. Ground equipment may be required for loading and
unloading.

a. CARGO. A cargo capability of up to 68,000 pounds is
required. Loading and unloading must be compatible with standard
cargo handling equipment.

b. PASSENGER. A capability is required for accommodating
80 passengers. This capacity is to be reduced to 41 personnel
when equipped with an arctic kit.

B. SPECIAL NEEDS AND CONSTRAINTS. The mission is global in
scope. It must be accomplished day or night in a hostile envi-
ronment and under adverse weather conditions. The vehicle per-
forming the mission must be operationally compatible with commer-
cial/civil navigation and traffic control systems and able to
function from military sites.

1. ENVIRONMENTAL. Normal mission operations are to be con-
ducted day or night in any weather (clear of thunderstorms and
moerate turbulence) of greater than one mile visibility for the
rerueling function and greater than 200 foot ceiling and 1/2 mile
visibility for landing. Weather conditions of rain, fog, snow or
light icing should not impair mission capability. Threat con-
ditions have been projected by SAC, for normal and Emergency War
Order (EWO) missions. They are not defined in this document and
do not impact the crew system criteria. (Ref. 4)

2. OPERATIONAL. The system must be capable of limited
operation into austere fields without external electronic
guidance in weather of 400/1 (visibility of 400 feet vertically
and 1 mile horizontally) or better. It must be capable of inter-
f-cing with civil air tr-aftic control systems and of operatinq
,itn state-of-the-art electronic and visuil guidance equipment at
civilian and military air Cields. The system must provide the
capability to operate within both foreign and domestic airway
structures and terminal areas as well as the capability to navi-
gate precisely over direct routes -- land and sea. It must be
capable of operating globally under wartime conditions without
dependence upon ground-based navigation aids.

The system must operate globally within Federal Air Regulation
(FAR) (Ref. 5) and International Congress of Airline Operators
(ICAO) tolerances. (Capabilities meeting these tolerances will
also meet the enroute navigation mission requirements.) The
aircraft must interface with other cl-,,-s of military/civilian
aircraft within the various air traff ;ontrol systems.
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The aircraft system:! must have capability to display the relative
location of: severe weather areas so that they may be avoided,
other aircraft in the formation, receiver aircraft for purposes
of refueling rendezvous' and ground surface returns for airborne
radar approaches and airborne alignment/update of the inertial
navigation system.

3. COMMUNICATION. The system must have the capability to
maintain two-way communications with other aircraft and control-
ling agencies. T o accomplish the mission, communications must be
maintained with the mission control element, receiver aircraft,
other aircraft in the formation, air traffic control worldwide,
command post, search and rescue and between crew members within
the tanker.

4. GROUND SUPPORT. This aircraft is to be capable of inter-
face and operation with currently available aircraft servicing
equipment, material handling equipment, and standard navigation
and traffic control equipment. No special, ground handling equip-
ment is to be required.

C. VEHICLE. The KC-135A, manufactured by the Boeing Airplane
Company, is a four engine, swept wing, long range, high altitude,
high speed aircraft with a primary mission of global- air refuel-
ing of designated aircraft (Ref. 4). The KC-135A may also be
used in a secondary role as a cargo carrier or troop transport.

1. PERFORMANCE. The following performance/payload descrip-
tions are to provide limits for design criteria as they affect
the .ircrew station and aircrew workload.

:). SPEED. The aircraft possesses a speed range com-ati-
ble with the requirements of all current fixed wing receivers.
The effective refuelin~g speed range to be considered is from 252
KCAS (C-5A) to the boom speed limitations of 330 knots calibrated
airspeed or Mach 0.85, whichever is lower.

b. ALTITUDE. The aircraft is capable of providing air
refueling to current receivers at low, intermediate and high alti-
tudes. Cruise altitude capability is compatible with receivers
on "buddy" cruise missions. The range of operating altitudes
extends from ground level to approximately 50,000 feet (absolute
ceiling).

C. RANGE. The aircraft is capable of global ranges,
meeting requirements dictated by operational considerations and
receiver capabilities/missions. It is capable of using all fuel
carried onboard to meet severe range requirements (12,000 + n.m
range).



d. LANDING. Routine, safe operations onto hard surfaced
runways of 10,000 feet or longer is required. The aircraft must
be capable of receiving electronic information from sources on an
airoort with state-of-the-art equipment, to include VHF and UHF
voice communications, ADF, TACAN, VOR and ILS navigation signals.
Additionally, as airport systems are upgraded other sources such
as MLS and TALAR may be operationally required and must be
included as a condition to be met in the design.

e. PAYLOAD. The aircraft, in addition to its primary
mission of air refueling, possesses a limited cargo and passenger
carrying capability.

(1) FUEL. The aircraft is capable of transporting
and off-loading inflight all except 7,800 pounds of onboard fuel
(180,000 pounds total or with upper deck tank 203,000 pounds) in
order to meet current mission requirements dictated by antici-
pated mixes of tankers, receivers, and missions.

(2) CARGO. Fuselage weight and space capabilities
not dedicated to the air refueling mission are available and
equipped to transport cargo. Up to 68,000 pounds of cargo may be
carried on cargo carrying missions.

(3) PASSENGERS. The carrying of passengers is

possible because the cargo compartment is pressurized, air-
conditioned, and has provisions for seating 80 persons on per-
manently installed, collapsible, side-facing seats or 60
removable, aft-facing, airline seats. This capacity is reduced
to 41 persons for aircraft equipped with an arctic kit.

2. ENGINE POWER. Loss of an engine during critical phases
of flight, particularly during terminal area operations, will not
prevent either pilot from executing a safe recovery or go-around.
The engines must have a "quick start" capability which allows
them all to be started simultaneously should the mission dictate.

a. THRUST (ENGINE). A variety of functions are neces-
.;,3ry and used in the control of thrust from either pilot seat.

The KC-135 is equipped with four Pratt and Whitney J57-59W or
-43WB flat rated thrust, dual axial flow turbojet engines which
also provide cperation of hydraulic and electrical power genera
tion, air conditioning, and pressurization.

b. ENGINE STARTING SYSTEM. The engines are equipped
with cartridge pneumatic starters, allowing either cartridge
starts for quick reaction or pneumatic starts from ground power
carts or from an operating engine.

c. ENGINE OIL SYSTEM. Each engine is provided with an
integral pressure-type oil system with automatic temperature
control.



d. ENGINE FUEL CONTROL SYSTEM. Throttle control causes
the four individual hydromechanical fuel control units to meter
proper fuel quantity for start, stop, and a variety of thrust
settings.

e. ENGINE FIRE DETECTOR AND CONTROL SYSTEM. This 3ystem
provides the engine overheat warning for each engine and provides
engine systems isolation as well as the capability to extinguish
the fire.

f. WATER INJECTION SYSTEM. A water injection system
provides thrust augmentation by allowing water to be sprayed into
the air inlet and diffuser section of each engine.

g. ENGINE IGNITION SYSTEM. The engine ignition system
provides ignition for both ground and flight starts.

3. AUXILIARY POWER.

a. ELECTRICAL. Primary electrical requirements are for
115/200 volt, 400 cycle power. To a lesser degree there is a
need for 28 volts and 32 volts as well as 24 volts DC. The sys-
tem should be relatively independent, imposing little need for
crew work, nowever, individual systems control and monitoring is
required. Circuit breaker protection is necessary to isolate
equipment faults. A redundant and isolated electrical power
supply system is reqiired tor flight essential functions. The
AiResearch or Solar APU presently provide this redundant
capability.

b. CABIN HEAT. An independent source of cabin heat is
required tor artic operation. The AiResearch or Solar APU rre-
sently provide this capability.

c. HYDRAULIC. There are two independent high pressure
systems which sspply pressure to the various hydraulically
operated components.

4. AVIONICS. 'The avionics package must provide for routine,
day, night, safe, glonal IFR/IMC operation includIng: long rangr
over-water deployment without use of external navigation aids;
approach down to Category II 1lS minimums; with external naviga-
tion aids, non-precision iinimums without exter..al nay aids;
weather avoidance; air refuelinc rendezvous both active and
passive, station keeping; ground locations; receiver craft loca-
tions and identification; short and long range voice communica-
tions systems to satisfy all mission requirements internal and
external to the aircraft; autopilot and a gmented flight control
system with integrated navigation course guidance.



5. ENVIRONMENT. The pressurization, air conditioning, ox,-
gen and liqhting must be suitable for transporting passengers and
operational equipment during employment and deployment missions
in a wide range of environmental conditions, where temperatures
range from -40" to 130"F. An oxygen system with zaeep on ox'!qen
masks is required adjacent to each aircrew seat in the cockpit,
for each position in the boom pod and for two positions in the
cabin. Additionally, provisions are necessary to provide emer-
gency descent oxygen for the maximum number of personnel on
board. The aircraft must be sound-proofed to the degree that
operating noise and vibration are not detrimental to the crew's
performances. The aircraft must have internal and external
lighting suitable for all mission operations in all ambient
light conditions.

6. SAFETY. A wide range of safety features must be incor-
porated, including: rapid ground and air egress, crash landing
Drotection, detecting and warning of systems malfunctions, auto-
matic switching to alternate systems, simplified critical action
crew response and unrestricted crew visibility during all
maneuvers.

D. MISSION SCENARIOS. Requirements for the overall weapon sys-
tem and integral individual components which comprise it, have
been derived by examining the operational employment of the
system and validated through extensive review by the SAC.

When a number of employment concepts and operational uses are
involved, the weapon system's requirements for each must be con-
sidered. The design of the weapons system must then take into
account the total requirements. Very detailed mission scenarios
were developed to describe the current and anticipated employment
of the KC-135. They were developed against a time base (Ref. 5)
to consider the dynamics evoked by mission performance. These
were then validated by all knowledgeable agencies involved in the
KC-1l5 Avionics Modernization Program including, Hq SAC, ASD, and
Ar' 4A L

A composite mission scenario which included all significant mis-
:ion tasks and which was realistic in terms of geographic and
environmental aspects was defined as a bench mark for design,
.valiiation and assessment of crew systems. This Design Mission,
portrayed in Figure I involves moving a five ship tanker force
from Loring AFB to support an A-7 unit deployinent from McGuire
AFB to RAF Wittering. Subsequently, (Figure 3) the KC-135
embarks upon an EWO task in a two ship cell of KC-135's wherein
the lead KC-135 experiences an emergency abort for fire and the
subject aircraft encounters a refueling track weather diversion
and minimum fuel. Subsequent failures cause degraded mode opera-
tion. In "leg 3" (Figure 4) refueling of fighters is complicated
by iifferent type emergencies including combat injuries.

This scenario exercises all subsystems and crew in the severe :t
performance demands and exhibits various aspects of degraded mode
performance. A detailed description is presented in Appendix A.
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civi Lian ,i rway 0 stoa. The TACAN :;houII nave eaararc :eat res
and include fast lock-on capability for bearing and Distance
Measuring Equipment (DME) for )oth air-to-ground and air-to-air
operations. The air-to-ground mode must be compatible with radio
aids to navigation, and the air-to-air mode must be compatible
with the equipment of the USAF receiver aircraft. It must be
capable of providing relative position information wit' respect
to the navigation aids to the inertial navigation system for up-
dating to improve accuracy. A DME extender to selectively provide
reception up to 400 nautical miles is highly desirable.

(5) VOR. Federal airways are made up of a series of
VOR stations which operate on the VHF band using even frequencies
108.0 to 112.0 and all frequencies 112.0 to 117.95 mHz (select-
able to .05MHz). In order to fly on those airways, VHF naviga-
tion (VOR) capability is needed. The VHF navigation units should
have standard features for operation to provide relative position
information with respect to VOR navigation aids to the pilots and
to the inertial navigation system for updating. The frequency
tuning control must also tune ILS localizer (VHF) and ILS glide
slope (UHF) frequencies, which are paired. Additionally, it is
highly desirable to have the capability to receive VhF trans-
missions throughout the VHF voice frequency range for VHF
communication redundancy.

(6) UHF/DF. The UHF direction finder should provide
bearing information to any selected UHF transmitter within the
UHF voice communications frequency range. It must be compatio.ae
with around stations for navigation and other aircraft for rela-
tive positioning/rendezvous.

(7) LF/ADF. In order to utilize navigation infor-
mation from naviaational aids while operating in foreign co.n-
tries and in order to receive standard ILS compass locator siq-
nals throughout the United States, the aircraft must have the
capability to rec+ ve and display a bearing to low frequency
transmitters. The low frfquency automatic direction finder
should have standard features to provide bearing information to
low frequency transmitters operating throughout the 190 to 1750
MHz range. The control must be digitally tuneable.

(8) INTEGRATION AND FILTERING. The navigation
system should be designed to provide the pilots with the most
accurate information available from all onboard systems. Sensor
information should be processed within the computer to automati-
cally provide rtuat information, however, the pilot must have the
capability to obtain information from individual sensors when
desired.

c. COMMUNICATIONS. The communication systems muist .<o-
vide the capability to communicate with all agencies within Tm
command and control system and the oporational environment is
described in the design mission scenario. This necessitatos :



i nt i apIiane sy ItelI; a :,y,,t em to-r long fr 'Inq, v l( cE cofmpat i l w1 -
command postn arid over las a irw,-iy station;; . short range voi( c
system compatible with air tralt ic controler., airnorne command
[m:ta, receiver arcrat t nd infraformaiion aircralt-; and other
special features,.

(1) iN'L'RAPLANE. The aircra!t muL st have the capabi-
lit-y for two-way comminicatiion between crew meumbera located in
the cockpit, cabin and boom -od, without broadcasting outside the
aircral t excepl durnq, enqine star Linq operations. It is highiy
desirable thAt this intraplane capability be extended to include
non-broadcast communication with receiver aircraft while they are
in physical contact witn the tanKer. The public address system
must be capable or providicng audible information to passengers
during operation at maximum cabin noise levels.

(2) i,ONG RANGE. "the long range communications muse
ie an interference fr-e voice sZstem. The system must operate on
the high frequency (HF) band erween 2.000 and 29.99 MHz to be
compatible with ove-seas air route traffic controllers. The
aircraft must have worldwide capability to receive voice messages
transmitted by mis.-on control. The transmissions may be direct
er re1a:a via airc.:t r -sat( Ite communications systems.
LJI lrlg 'eactr im e pera.i.cna, two-way communication with mission
control is require(!. The system must be adaptive to secure voice
and jam resistant techniques.

(3) SHORT RANGE. The short range communication
,it:v'must re esoonsie to DOD, FAA, ICAO and mission

eav.-vronments. The :1rca - must 1have the capability for two-way
:commiications w'th air traltic controllers throunhout the world.
Airfield ground1 control, rower, approach control, departure con-
trol arid enroute control have UHF (225.0-399.0 MHz) and/or VHF
1118.0-135.9 MHz) frequency capanility. Identification beacons
J[FFSlF) for use witih air traffic control agencies and military
<A ir tont oliers muest b e : edt. The aircraft must have two-
, 7.: (ioi unIcat Ions cuo(bi 1ty qit, ot;,er a ircraft within the celi

(or m 10,n and al . r#,ceivers inc]uding USAF, USN, JSMC and NATQ
ir,'r,!t within i range of 200NM. Aircraft typically have
rc e ,.C and franram it ca~a> i.itv or, the UH1F and/or VHF frequency
:>ifldS. Secure voice capaility must be provided on the UHF Ire-
quency band.

Conriso L and equipment acN ,pic, and wi r ing provisions should be
pi innor for t s re r:,o rin isat ion to include such systems as the
[)oiensc( SatelIite Commun ations System (DSCS) and tne Joint
T i- feal Informaton [Distr inution System (JTIDS).

d. MISSION LQUiPME'NT. The widie variety of mission tasKs
d,;r mbed in the mil;;i(n scenario dictate some specific crew
:;tit ons configurations and special equipment.



(1) AIR REFUELING. An air refueling system whicn]
provides for aerial rendezvous, and in-flight boom/drogue refuel-
ing operations must include a radar rendezvous beacon system com-
patible with the USAF receiver. The capability to display the
relative position of the tanker to the receiver and the position
of the aircraft relative to the flight plan course on the same
display is extremely desirable, e.g., overlay a flight plan map
with rendezvous beacon signal. Workload and degree of attention
dictates a crew position and operator for this function.

(2) STATION KEEPING. Multi-aircraft deployment to
air refueling areas or aircraft dispersal locations require guid-
ance and separation data for all weather, day/night, and in-trail
formation flights. This is presently accomplished by displaying
a radar beacon return or an aircraft skin-paint return on the
radar display. The capability to display the position of the
aircraft relative to the flight plan course on the same display
is extremely desirable, e.g., overlay a flight plan map display
with the radar beacon signal.

(3) THREAT. The type of threat that may possibly
be encountered includes sabotage, electronic interference,
surface-to-air missile, fighter interceptors, hijackers and
electronic eavesdropping. The risk of some threats may be
reduced through protective operational procedures, (e.g., sabo-
tage, hijack and fighter interceptors), however, the aircraft
should have the capability to reduce the risk of others (Ref. 9).
A self defensive capability would not be justifiable coisicerln
the limits of speed and maneuverability of this vehicle and thie
penalties in weight, cost, complexity and reliability to re anti-
cipated in a self defense system for this vehicle. (Ref. 10)
For defense against enemy air action, reliance must be placrd
upon: route planning to minimize threat; adequate surveillance;
secure, reliable command and control; navigation: and expanded
fuel reserves for diversion purposes. The navigation system
should have the capability to operate independently and not be
dependent upon navigation aids which could be destroyed or Jammed
electronically. The navigation system must be designed so that
it is not susceptible to passive listening threats; specifically
the capability to extract information from signals generated dv
onboard computers and transmitted to displays (CRTs). This could
pose a problem in exposing classified information such as dc<ti-
nations, air refueling points, flight plans, otr-. The aircraft
should have the capability to detect and counter heat seekine
missiles. The operation of the equipment must be hasical?' auts-
matic, since its operation would normally be required during
periods when the pilots' workload is already at a peak.

B. VEHICLE.

I. CONTROL. Control or tho vehlc, In xi gt i: at :; Jol
the conventional control surfaces (aileron. elevator and riidder,
and augmented by a spoiler system. Hydraulic actiation prc vide



the necessary force for moving ti:e surfaces. Considering pr -
lems of crew workload and reduced crew size an automatic capabil-
ity is necessary. However reliability concerns dictate the need
for fail safe and a basic manu]i capability. Engine control de-
mands are minlma1, i1quiring basically a throttle control device.
However, such advances as coupling to the automatic system for
energy/fuel management and for landing should be considered.

a. DRAG/L IFT.

FLAP SYSTEM. A hydraulic actuated wing flap system
is installed to alter lift/drag for takeoff and landing.

SPOILER AND SPEED BRAKE SYSTEM. Lateral control of
the aircraft is augmented with four hydraulically operated
spoilers. These spoilers also act as speed brakes when used
symmetLically.

b. STEERLNG_ (NOSEWHEEL) . A hydraulically actuated
nosewheel steering system is installed for ground maneuvering.

c. BRAKES. The aircraft has segmented rotor brakes,
whicii operate from two interconnected hydraulic systems. They
are activated by pilot or copilot toe pressure being applied to
the brake control.

2. POWER.

a. ENGINE PERFORMANCE MONITORING SYSTEM. Indications or
engine power and temperature, as well as engine oil temperature
,nd fuel flow are displayed continuously to provide the crew with

engine performance information required to make decisions regard-
ing engine operation.

CAVEAT - Recognition that the aircraft performance is power lim-
ited ha-,- -esulted in a potential class V modification to re-encint.
the aircraft under PMD revision R-Q 7J2(7)/111142F, 1 February'
1979 (Ref. 3). Criteria for tho new engines and the associated
sys.tems are not addressed. The crew systtcrns (e.g., throttles,
performance monitoring, and fire detection/control) associated
with the engines must, however, pe,:form the same functions as tht-
present systems and be easily useable/interpretable by the crew.

b. FUEL. Thea ul r 'rn !:ae system consists of intocrai
wirs.j tank:. und a combinatio bladder and integral center section
(ih)d'/) tanks with the necessar , manifolds, valves, pumps, and
pr.::crr' and quantity indicators. Fuel supply and pres:sure to
t h, engi ne: is provided ,i;tomatical1y through throttle cont:(o]
during normail operation.

T"[hr, airplane can trans er fuel in flight to receiver airplanc,"
fruom Vwo body tanks. All fuel from all tanks, totalling 180,?20
lb:;. without or 202,801 lbs. with the upper deck tank installed,
(,r :,ne us-d 1y' the aircraft . All except 7800 lbs can be trans-
forred to receivers.



NOTE: The upper deck tank is not normally installed because the
amount of thrust from the efngine.s is insufficient to operate the
aircraft with more than a '-80,000 pound payload including fuel.

3. LIGHTING. Global operation under all weather conditions
will require exterior and interior lighting for all conditions
from bright sunlight reflected off snow to a dark moonless niaht
over water. Operation in a "seo and avoid" training environment
as well as in a "minimum deteotion" combat support environment
imposes a need for considerable flexibility in the exterior
lighting.

a. EXTERIOR. Standard navigation lights, rotating bea-
con, landing and taxi lights, top and bottom fuselage strobe
lights, ice detection lights, aerial refueling, inspection, and
servicing lights for wings, engine nacelles, wheel wells, exter-
nal power receptacles, fuel and oxygen service panels, external
air conditioning receptacles and outside flood lights of exterior
area for night on-load and off-load operations.

b. INTERIOR. Basically, standard interior lights are
required. Lights are required for normal and emergency exits
operative from an emergency electrical bus with the battery
switch off and without an external power source. Instruments,
panels, controls, placards must he easily visible and readable
through the operational conditions.

C. LIFE SUPPORT.

1. ENVIRONMENT.

a. PRESSURIZATION. The pressurization system is canable
of maintaining any se i-cted cabin altitude between minus 100C
feet and 10,000 feet utilizing a maximum pressure differential of
8.6 psi between the cabin pressure and the ambient air pressre.
The system may he operated automatically or manual±y and contains
necessary controls, displays and warning devices. The aircraft
automatically depressurizes on the qroun0 and may be depressur-
ized when airborne.

b. OXYGEN. Cockpit/cabin pressurization reduces the
requirement for oxygen to that required for emergency use. Five
regulators are installed in the coc~pit, two in the cabin and two
in the boom pod. Additionally, a portable oxygen bottle is loca-
ted at each of these positions. Standard or quick-don oxygen
masks must be available for each crew member.

c. AIR CONDITIONING. The air conditioning system pro-
vides cooling, heating, ventilation, humidification and contami-
nation control for the cockpit: and cabin. Each of these features
are available on the ground as well as airborne.



2. SEATING. There are presently five seats installed on the

flight deck which will continue to be adequate in event of a
change in crew complement. The location/mobility of the seats
must be such that vision, -each and egress requirements are met.
The cabin airea contains 80 collapsible seats and has provisions
for up to 60 airline type passenger seats. The boom pod contains
3 couches or pallets.

3. ENTRY/EXIT. Normal and emergency ground and inflight
exit:s consist of the main crew entrance, the cargo door, 3 emer-
gency exit hatches and 2 cockpit windows.

4. SANITATION.

RELIEF' FACITLTIES. An enclosed latrine facility with
toilet, urinal, towel dispenser, mirror, wet-napkin dispenser and
lasboratory with water supply is located between the cockpit and
the cabin.

5. FOOD/BEVERAGE.

FOOD AND BEVERAGE FACILITIES. A galley unit with elec-
tric oven, 2 hot cups, one two gallon hot beverage container and
4 additional two gallon beverage containers is located in the
forward portion of the cabin.

6. REST. Crew duty days may be extended beyond 16 hours
when additional crew member_. and crew rest facilities are on
noard. Eight fold-down bunks tr;- attached to the sides of the
cabin and provide a place for sleeping.

D. CREW.

The accomplishment of the mission is the responsibility of
the crew. The crew must be considered as an element of the
syste since their pC ormce anj capacity can significantly
ufLect total system perlormnce. Considering the capabilities ot
thn ,row and of the7 r - eqs irpm-nts with which they do (or
should) interff i ; a ,tem d siy, r roblem. (Consideration of
the collective functioning of many interfacing elements and
adjusting elements sn as to influence the collective performance
is system design.) Conr.deration of the crew and their interface
with tne elements of the system in the environment of the mission
i_ trie Crfw System in:ohl e . In ,iry system design, performance
chAracttr ist i1:, of in elemn-nL ,r hf h known and considered. In
the (\ji;e of thc, crew, hh.hviOr and training ,;re significant in
establishing performance characteristics. (For this design
assume that standard training and selection procedures are
employed.)

Wh I -e thore are expi icit. an- tinignie condition:- whirh should he
impc,;,id a:; r.qui rement ; r)n e ch subsystom from tho Crew S,stT.
li:; ';n process (Ref. 1) , thero ar overall requIrements to which
the 'row System mnit he esonsive.



These are derived from the general Weapon System Requirements
just as has been done for the more conventional "subsystems".
These are "implied requirements" and include such things as sur-
vive, perform reliably, deliver accurately, improvise or compen-
sate. Considering the mission requirements and the role of the
crew system, there are classes of implied requirements. They
fall within two categories: mission and workspace.

1. MISSION. The crew must continually monitor the status
against the plan of the system including its own health and con-
tinually assess probability of success, be prepared for and
responsive to perturbations (change of target, loss of light,
unexpected enemy action, failure of equipment, etc.). Direct
manual control must be blended with automation to maximize mis-
sion success and survival while retaining flexibility to deal
with changes and failures. Executive responsibility must be
established over the total system in an organized fashion. In
this design, this responsibility is divided into the major areas
of NAVIGATION, FLIGHT CONTROL, COMMUNICATION, and SYSTEMS STATUS.

a. NAVIGATION. In order for the crew to efficiently
and effectively use the navigation information provided by the
individual sensors, a navigation management system is necessary
which incorporates computers, fast access bulk storage memory,
an information filtering system and a control/display unit to
interface the pilot with the navigation system. Generally, the
navigation management system must provide precise navigation
information worldwide, with and without external navigation
aids. Additionally, it must provide the capability for airway
navigation, nonprecision approaches and precision approaches.

An acceptable way of providing the aforementioned capabilit" iu a
system consisting of an inertial navigation system (INS) which
can be updated by all installed navigation sensors. (VHF NAV,
TACAN, LF/ADF, GPS, OMEGA). The system should have the capabil-
ity to automatically or manually tune the sensors to appropriate
Nav aid station frequencies as the flight progresses. Unreason-
able or erroneous information should be automatically filtered
out and only the most accurate information used for updating.
Navigation information should he available directly from any
individual sensor, when the pilot desires.

b. FLIGHT CONTIOL. Tne inflight refue ing flying task
is particularly sensitive to flight control. A high degree of
precision and reliability is essential. A "Force Wheel" mode,
which provides a basic automatic capability subject to direct
incremental adjustments by the pilot, is highly desirable.

c. COMMUNICATION. Communication requirements are com-
plex. Features include capabilities to talk inside aircraft
only, broadcast with or without other crew members listening,
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b. VI1S ION.

(1) EXTERNAL VISION. External v sion is required
on the ground for taxi, takeoff and landing. Liring flight
external vision is necessary for avoiding midair collision, for-
mation flying, mission effectiveness and general orientation.
windows, compatible with this needs, must be provided to give the
appropriate visibility forward, over the nose, over the side and
upward. External vision must be enhanced by exterior lighting at
night for landing, taxi and inspection of sufaces and engines.

(2) INTERNAL VISION. Placards, instruments, con-
trols, maps, charts, and briefing instructions must all be read-
able under all lighting conditions expected. Control of impact-
ing high level light and supplementary lighting for low level
ambient conditions is required. Control must provide for varia-
tions in environment and mission requirements (e.g., protect night
vision, flasn blindness). Displays must be positioned in accor-
dance with workload and priorities of action. Particular atten-
tion is required to insure that switches and knobs are visible in
dim light.

C. GEOMETRY. Flight dock crew members must he posi-
tioned so that each is visible by all others. Exit/Entry provi-
sions must take into account the likelihood of crew movement/
interchange in flight and the avoidance of inadvertent actuation
of switches, knobs, and controls.
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at ing environment (geographic location, temperature, time of
'Iy, threat, external aids, weather, etc.). For these reasons,

iactors considerations play an extremely important role in
t:vo cockpit design process.

i:1( flight deck design criteria gives primary consideration
oward placing the crew members in an environment where they can
-t[ticiently, effectively, safely and comfortably perform their
duties. The design criteria contained in this document were
prediccited upon a minimum crew complement of three, consisting
ol a flight deck crew complement of two pilots, along with a boom
operator whose primary functions are in the boom pod. Other crew
members, while they may occupy a position on the flight deck,
will not be checklist respondents or part of the mimimum crew.
The crew systems requirements are for systems, avionics and
control/display units necessary for two pilots and one boom
operator to accomplish the mission described in Section II.

The crew stations must be constructed and equipped so that the
aircrews get the proper amount of information at the right time
so as to permit them to make necessary decisions and perform the
operational mission; the necessary information is presented ade-
quately (i.e., easily interpreted, readily available); the acces-
sibility o. the information and controls are proportionate to the
*requenc, and critics ity of use; and the crew station environ-
ment is physically and psychologically aiding rather than
reducing the crews' efficiency.

1. FLIGHT DECK. The forward portion of the cockpit (Ref.
12), located in the Lop front part of the aircraft, is large
enough to accommodate two pilots seated side-by-side. Its de-
-3ign must allow all flight maneuvers to be performed by the pi-
lot in either seat; however, wherever any compromise is required,
it is ,ore favorable to control the aircraft from the left seat.
All critical items must be located within reach of both pilots,
wnlle less critical items- may be located within reach of only one
pilot. (See Figures 6 and 7 for description of reach zones.)
iso cockpit also accommodates a third seat located so so that the
occupant has an unrestricted view of the front instrument panels,
overhead ana center consoles and outside the aircraft through the
entire wL tn of the windshields. The location of this seat must

e 4justable so that the occupant can move it to a position
wnere he can easily reach controls and displays on the present
n vigator's station (now designated as the forward hoom opera-

ot's station). The 'light deck should contain an additional
recLinable seat for an observer or additional crew member.

1iCjur(, - prei;ent. the general la'out for the pilot/copi.ot
p;ortion of the Flight Deck.

VISIb. 'Y. Thi: aircraft will he operating in clos-
Prox n-' ry to Otner tnkors, receivors, and a mltitude of nthor
, rcrat t -,ar ic;iLSr ly in airpo t tt rmina] ar<.as. Theretore,



'tan aid" other aircraft is
y cr i r ca. JPe . 3 i m --t ion visibility is also very
, Pical. "- - .e visually vectored into the in-

T , or) -rartr. Receivers
'A , F, formation. While

a.,. inv a :orllatn,-,< ot I. cr, one ship is refueling while
e em. n iviinitv. Facina aft from his position

-,Oom od, - oo. operator mu.nt nave unrestricted lateral
, i iv 9"e sde fa the tail, 60" above and 90" below

:re axl -he ircraft.

3. ENRY/X'FIT (Normal ano inmergency). Normal entries/exits
>rovide -,ccess -o the flight deck without interference from the
cao/troop load or 1civities in the carqo compartment. Space
ao, rr.nement o- seats and consoles provide easy access between

ae rear oort ion o: the : ihr dock and crew seats for crew mem-
wearing bac - _ p, -)r chest--type parachutes. Then utilize

ous means cocopa tnat 'a ,he receiver to arrive at a
-t within viial . f the receiver. Ground and ditch-

Snc emergency exit< .nclade the pilot's and copilot's sliding
windiows, inward opening natches above each wing, and the aft

7- ,ency exit atch on the ricit side of the cabin. Additional
:- 0 X's .n c C-!-' e crew ,ntr chute at the left rear of the

- and 'he mair, carjo door Inflight emergency escape may
a-cor s edn extinr through the crew entry chute or the

-: ,u genc' .xit h t h

.ew seats (Ref. 14) are adjustable
.ogidi na <'"'n tial axes and reclinable. They have
.e si2ent .- ind .ack cushions. Lumber support is

, ',- Th' back ,on may r,e removed to accommodate wear-
. oar ac-te. The arm rests are comfortably padded

,Ind t:e towed for Qasier access/egress. The height of the
r. ;, e csi y ad-icable so that the elbows and

a (or,,ar , ,n it _j comfortable elevation. Each should con-
r- be rx t-nde from the end of the arm

-,.." :]- : - ,- q i-'. lots to grasp when the,' ar-
o ' - ; em , -Ivr in r) , nt the seat must be present.
Adi'3i in 1-i', '-o' '.-t are in-talled to provide a place where

r0 ,-, olev3t -hoir- 1eet t- rduce fatigue without damaginq
L r :,n lta'm,<.n ,-a n rt;e '

:;,.Ar., iMNT,/._ f ic location of displa s and
" er tie complexities of this crew

* t 1-ime of response, is., <[. q ii'- ! : {n' 1 I: t, m misinterpre-
. , t. kr( [, ( ( , -i:;r;i -o re directly related to the care
S .I C - n ,, Factors to be considered

r q inI c 4 n i-,onshio to other tasks, accessi-
a , -''.r'c- : a-constraint, emergencv condi-

.[O , idort i ,' ,-, , da:-i ', interpretability, and
, 1(3a t[ctctor (ize, weight, structural interference).



C,:~. ac c, ~ ~ : : ne rcacl-cd with rsFtr a int, h',r -
ne:e;- iocktea an. iniacko. ind uy aescrining visual areas normal ly
n 7ke most senniviye area o! vie.~w and those in areas or apesser

c rAcil iAN aIN . xe-ch envelopes are depicter! in
:A~ 4n' ower contro i a;re cte

o~ 10space in available for 'he
-DL ce'o r ari .r j~v wpa .ithin Reach Ic

i r 01 Cm'J17 11'7nc FI~lwinq are definitions
gL oo (Ref. 17) . Taey accomn

.rrvize 5 t:- T,) pilot.

ii~rness Locked-Functional Reach .
1.- zr.-,can. be functionally reached wt

pos ition by the fully restrained- cre--w
w--,Or retc.- im sri shoulder muscle-s.

on ~i nt Zia rness L-ocked-Maximnum uc -
e i n c id e s the area that can b-f u ri c

~ sw"~ tc .ear, in the full up position ,ty tne
11 s r,3w d. n'cc w wi:h the maximum stretch of ther

-, I tr anul r- C. r LSc1 CS

:,e 7 1 ti r n e s n' r )C k e i- Ma x imnu m nnc.
tn( t m area tacnno unct ionaI

Ws I' in uo osition by the crcew mempber
n0 exten~ied and the a--rms s;tretched

4~~~~~~ S 7a r We throLuqh windsh j-ield ci c
wmeuw r~ m a "' ,i(o of the airc(ra-I with

ceAtji ijnes ln~poan mvrgenc': ox'jges in are.

:,-s* isav overlhead cu e!t
cc n s o 1 e o f adequate F7'e Cs

r -.r ra isplays Present xmon leF
o or-t ion of, tne pi lot ': 'centor

b)oom operator ':,- i t -ion
o 1e'~dtc ~ oposition all reds 1res( co-n-

tr-1 :w (isply, wrni eay rach of the boom operator ani
'A.~~a a b-y t mo erator in a sa fe ty a n

i, ~ .i j rc oxyaen,

.i~ c a )'-o:eca FIO(rssM 3' in aporOXiMsWEiV 4 stan-
;Sf;: As I'. .. .m L w".ck at -A-it forwa-.rd ond ano ippr,)xiM,-

e'.6 lnt wICf' 4 '~ 0 r3Z- FPbr iw windows nnet r u
C .,~~ r a Tee a I ; end msir r~ ot n

TO~~2:o'2. M) .1 C-C0 5:rm u jq th ir Js as the y
s-st e sho~p rvnlari lv ccont i. i rra
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I , ~j X i ma te ly 2 s t noa rJ d" 1.r c n ro pane I wi de anrd 24 i n cnes.,
w n. u i on t t .r3> Cl uadirant , wir. tr:e last 8

.(1ui t, nrirlOwl ra, t )rie iuuriel- iti foc eLs.: einirg res s/egr e ss.
7, it tit _,(_nsolr-ho.s > aepro x iiately 14 incires. 'nhe

-kIC c-)rors~r~ be- sostate as to Dreclucc inlury to Lhe
[)Li ' i(IC,. o~r ingj eess/intgr eL.The throttles and drag con-

ir l~ae loaraed on ru etr o ~ pproximat,:_y even W1--
[tre 'Yoke along hl-e foea axis. The center console shoil
9L imariy contain avionics_- CDiJs 'rd must !De accessiol)e to

uohPilo!3 Th-is inclides those CD~s uaseo far communicatio.,
navicaion and light control -,rougn the autopilot.

The ;-orward cetrconsole (Figure 3) , former ly called ra-e "t uel
panel", must house the fuel control panel and varius other avi-

onics CDUs that must oe accessible to both pilots as defined zmy
te"Reach Zones" .

The pilot's and copi-lot's side consoles, (Figure 10) are space
limited to approximately one standard ARINC control panel wide
an- aooroximately 11 inches long locatea outside and abeam eacs-
pilot's seat. The,% should house items requiring access or con-
rrci my only one pilot, including Lrdividjal. oxygen regulators
and individual interphone controls.

* The_ f.orward boom operator s panel (Figurez 11) located a-n thle
former navigator's station, must contain controls and displays
ior 1use by the boom operator while in, the- cockpit (communicati-on,
oxyg.'en, lhtand some CDUs that are redundant to, or not crit-

*icai, to, loc ate at the pilots' stationS (dedicated INS QC, hF
radio control, accelerometer).

The macin opera-tor's aft station presently offers adequate control
anr display space and access. in addition to present capan)ili-

tl: the iart operator's Stadtior, must a'low the boom ouerator to
11t r nd sItop sal flc-w, t2ret 7 J 1ofCoad so !ILI

of- 1)d stot -s automatically. and (3) record and display fuel
nfrloasie during eacis mission and to each receiver (Ref. 61).

a. NSTRUNMEN' PANELS. Tne cockpit instrument paniels
5&-. 8) are in three sections; left, center and right. They.

.,dimensioned ana ,.,,:talled to provide: (l) necessary ove:-
tIae-nosr vli b~ility v ra-m '-I( dis ign eve position, (2) ad-as

*room witsnr taill rushier _,:- b)ra-e opr ,(3) Lunob-stricted
via ini lity o., the iliqht i-,(I ernqine -.nstraiments , and( (4) es
re. ach ny the pilots with their; s-eats in the properly adjusted
pos it ion. A padded glare shield over the panels,- orotrudes toward
f-Ine rear to reduce glare on the instruments from outs-ide ambient
I i-4h t

'h-' left LrstruI;ntde contains_ pr inc ipa liv ni lo' l t
instruments. The center panei contains the aircraft systems and
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efl(J i ne Per to I in ar~c~t ttrurnent.; o lr,,- t toe(i c ar 0: ~n ( f ~r-
ing annunciation , nd Winrg gear control na po:. ti, r.
dicators. The righIt panel corn 1 s ,rincipc.iiy copilot'.: ,.
instruments. The instrument panels; are gray and the glare sh.ieia
black.

d. WORK AREA. information contained in neronaur;c..
charts, flight planning publicaitions, and aircraft performance
manuals must be readily ava.i-ai)e for inflight navigatron. Pr,---
cise and intensive preflight plinning does not preclIde c:.an,..
of air traffic control clearancos or tactical -iversions
ing use of these documents. When tey are opened or unfclcnq
in the cockpit, half the instrument panel and windsnield :r'
obscured from either pilot's view and accurate plotting of
courses or coordinates is virtually impossible. To provid(
working area, a table top surface useable by the copilot I--
crew station, which will not interfere with full travel of t;ne
flight controllers, is highly desirable.

One possible method of providing this workspace is with 1 . ex---.-
dable/stowable table. While not in use, the table, stowr
near the copilot's seat in a position that will not rt
with ingress, egress or access to the controls. Wn
it must provide a flat surface over the copilot's ,p, .
publications may be used efticient-L without obscurinc .
visibiity. The table, in any oosition, must not interf t- '
flight control movement in flight or during ground o erao

e. WORK STORAGE. 6i.der checklist ; are typic , Xl " rv-
cult to hold and are often droced on the 1-loor or on t c.
control or displuy. A cnec.. ist arranqe ment which allevat,.
that problem and provides rne pilots with pertinent and tim
information, is required.

6. REST AREA.

CREW COMFOR. C lt-aIr c,.t.:r- comb: rf ea re,; in t:-,e
de.jcin allow more ef icintaa rit on* 716cla(n cr *t 1(t6e
ind irritants. Things that re r car wor ror e
period:; become unsafe or inei.ic iont obstacles during a 16 oL::
crfew duty day.

F acilIties are provided wner, c .-, rrn. n r arc Iw J- it M ,
body waste, combat hunger-, t..tne aiuc, anc r, ma-tain
r,easonable state of alertnes::, a crew duty day o 24
-ours in duration. An g,,en w consist.] o: t..; c-,c c crew
plus at least one additi, nal pilot and -;oom oeratcr ''(e 19.
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1. Throttle Quadrant 8. TACAN #2
2. Engine Start Switches 9. TACAN #1
3. Autopilot Control LO. Nay Mgt CDU' 2
4. IF/S[F Ii. Gear Horn Cutout Switch
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FIGURE 9 Aft Center Console
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i. Accelerometer
2. Ciphony control
3. HF transfer and INS

selector switches
4. HF comm
5. Oxygen control
6. Light control-
7. INS control/display unit
8. Nay monitor
9. AIC-18 interphone control

FIGURE 11 Forward K-on Opc-ra ')r' P nrel
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B. iNiORNIAlI'IC> (DiSibhAY / REQUIR'LMINTS.

GiENriRAL.. its necessary that the., information require-
ments be addres-sea in terms wric'n are reaningftul to effecting q
mission (in contrast to the present practice of identifying only
in terms of sensors avai'abw,-. One unique disLplay of a para-
eter , whicr, is readahlce -o zbe 'i,-mits of sensitivity ct t' -ese-
sor, is not necee- ari-c iapplopriate) . Some- informatin, at _ ~lall'
by name, will appar n ;-,or than. o-ne place. it ma'! differ in
format, accuracy1 , 3nv ,an response frequency. informa-
"ion requirement l a t- n 5wo morcategories a)-
interest,; name', '-. son -. r mn ana We-a-pon. svste' Contrn-1.
The major distinction being n term ve-rsus sn ort ter-i ,l
as the scope of intefp t Anotbe-r way of .~ nusic~tre
the two is to viow Visaoaq4e.-ent al -re province o'
ment, stratecy, plnnn- an,.:, ciecil.>nn- mak'ingj !r accop~hn
the mission ann to reantne Weapon SvStem Control as the actio,-
means for resoonclino to suc.- decisilons.

2. MISSION YMA\,Ak2,-MTNT. \;ninmnae Iteappilc --
t ion of' the crew i ow ect inc. -c '- SSion . t proviac
or: assesr-mrn 3L pr( e -wnt, r. ccco:,-- isninc tn

mission; deter-m-ina'-iu" or Joqree of v~ oefect 3-. the Ce-
v'iation. and cons, ~t aIv-n ew al

alltsho t n ; nw e oenti lcu:Ion, of
tl e area an-i '-'tl. ~' ;'c n-ee6s far tnis finctionj.

in a grs i re~oary :3 know: 5u ±e
oo~ouineio. is aasheu: venclc a

trm Lcti ~ 0 it n )~-.necz tr tc ime 3ne
w accecta." e 2.v o'

clanl~e in t.( 0 o ~hr tne mi-.,.ion; ann '

Ltt~e , r nt5I a t; 1 "r e- ~ve ne en c h a nges a C f ec t i,

li I T , "eT

10 r u r t 'un cto t I 0A in11mum e
"w~ 0 -t mn C x , v/, o Oit i~ C)IIwitn al'

f rI C r pl' n n p r~ fo I ti ago ~ns. tzne sm

or ( at aiwcwoloa 0n.
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u~ n ct r q ui ra :11
upon demand, a healih/ii:e indication for each of tre engine:,
the information to be oased upon accumulated hours of operat-or.,
normal life expectance, sensors for oil contamination, sensors
:or vibration. Should be displayed continuously when reacring a
preset limit.

(3) Cabin environment (desired nut not requnred) -

display, continuously, hours and minutes of oxygen remaining
based upon oxygern consumntion rates.

\4i Alternates - disclav, upon demand, coordinates

and identifiers for alternate refueling -racks or alternate
recovery sites that afe within the capabilities of the aircrat.

() Weather -~ oioay/, upon demand, an indication
of weather factors. 'The display should have the cacabilitv of
presenting a graphic/sy/mboic poftrait of the weather at crew
selectable ranges around tne aircraft. The display should nave
the caoaniiit , of ov-riavic aircraft position, flight plan and
crew selected wac,/oints. Range of weather returns will ne 4 NM
to 240 NM. Resol wilon wI- e 1 mile with a sector scan or
elan ces±t~cs lndicat)r disv' iorrmat. ?nere are two readily
vis inle ana indepen-.r.t inc catars one for tne pieicr an one onor
the copilot. The oilots mav have different ranges selected for
weather display.

(6) fake off and kanding Data - disoiay, upon
demand, all he information -equired for takeoff or landing. -h e
crew will incur tue sara tnaTr is not sensed, i.e., RCR, sir -ace
wind on active runway, fiap seting, runway, temperature, etc.
Disolay is to b- in alphanumeric format.

.7, A ,<ngrt ann RBa nce- - dspla*;, soor. nenana, the

weight and :nalance- on rue .rccaft. Tue crew will input tue* 6aa
that is not sensed "i.e. droqute, cargo and passensers;. 7<
basic weight w111 zce pre-programmed. Displav is to be in alpha-
numeric formt.

(Sj Trust -... - dnsai.av on demand tue thrust r-quirec
for each profile segment, i.C., T/O, climb, cruise (including max
range and max endurance), and descent. T, hrust commands will ne
accurate 'witin t .05 EhP. Associated with this, a digital dis-
play on eiemand will orovide optimum altitude, macn/airspeed, tim
remaining at optimum profile ano distance that car. no flown at
optimum profile. Display upon demand, in digital form, time and
distance remaining (readable to + one minute and + one mile)
under present flight conditions.

3. WitCAPK,'N SYS'T"EM CON'RC.. Contr .. :-I a concern with tue
Immedlacies necess;arv tcn the inlerentir (ef :ect ng) ,,e noc-
sJions of mat cs .nd miss on. Although t.ue flying of the vehicle
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tar d1 .a v s are the .r inary Actlor . -olays , the I n.rm ayso
necessary to determine doe:]reo action comes from aoort-r.'s ais-
plays-:. One broad class are hnse wnich provide Infor!t 0r.
(short term) about --- e ilight path being effected, those path
oossible, the desired or required path-; and the limits of .-af(t".
Flight Path Angle (FRA is defined as the angle between the hori-
zontal plane and the 'light path (in a vertical ..Lan(e) o the
aircraft (Ref. 211). FPA Is desirable although not recuired.
used it is to be cisplyedv upon demand, to either or bot -ilot.
It is also to be displayed in continuous graphic fashion )-ri
posed on the attitude display. The indication is to lea .sape
coded mark which translatps vertically with respect to tne hoii-
zontal reference on the attitude display. The dispiace 7ient orr,
the reference line is proportional to the FPA with movement acove
;he line indicating climb and below the line indicating descent.
Displacement is to be not less than 0.030 inches per degree of
FPA. This is to be positione6 to the right side of thre attitac
display (as viewed by the pilot). Displav should be damped
so that FPA response rate is similar to pitch response rate
displayed under similar circumstances.

(4) S P ED . Disp y, continuously, a each
zosition Cal ,, raer At s pee d (CAS) (Ref. 22)o True Ai,-peed '7AS, ,G rusndsoeed i GS) e-]MACH ' <

. 2 fO A. . ....MAC . k'1, e 2 3 Thno C AS an ri c I-, i ;:-i

,Iation ae coo , imea ri to the lef , tof ( .-
canin inssrurnt pa . t , i -its or~zonta! , <i "i ne '......C

or tre attitdEc. a 0i .c O in- ( 'A nar k,,

co-located in e iowei :eft corner c he m ,i, -Ce !; r n, Izo F.
Situation Disp-a,/ (HSD . CAS and MACH cust be oresencec in

graphics forma- which may be augmented by alphanumeric readou_.
'fne aisolav scajer ,ay e vertical or round. TAS is to be " -
rented -,v an alphanumeric readout. The values ass'ociated it:
,aXimuc suructura; imitations oust oe indicated on tne CAS ar-
MACH displays continuously. Ranges, accuracy and rcanaojmt , aro
as follows: CAS, 40-150 + 1.0 €not, 150 to 350 Knots at + 2
Knots and 350 to 503 kno's at + 5 knots; MACH, 0.1 to 0.9 at t

0 .0 Mach; TAS and S : 0 _- -o 100.. K7AS/KGa - knot, I to
KTAS/KGS at + 2.0 -a:. rhe ,axLm o- ic i ,) 9
or _0 KCAS E, 

-o .:Gspiayec conI nuouriy ant Wii- b neC

to the CAS/mach display. Both primary and bacK --? lsay' wfW_
ne on the same instrument.

(5) HIrIGHT. Display, contin*ou a ai
oosition barometric reference altitude (Re 4 D i a o
(Iemand, at each pilot: posit on the absolute alt- tde a;)rv', :_if-
terrain. Each Vdl d is to ne dispi&a!ec n qraphlus -orm t w

2y r augre: ed 1), alphar.umer ic a o u z .;r

.)a rom(. tr c a t r rde readan l 15/ 17OO . ,.
t. or -,aromotr c r., n,, re .r o A D. .,

" xc _oe d + W- C iO - ( , ,_ . . . .. 0 r-1 1 (1 ,' t
tr"i ,. For "h. it", , C, t, 402 t . aC .d 4,

Pa .500 _,. -- 20'. 'The ,- :9 .: 1r ' , v r -r,,
-aI , r

'  den;l ia -r ' . aA; anr'. "?*' di .), a '/ .-. .,,- t O, ' (, . ') or ,! ()-

.rc ma]n nrc, m'n an, .r, ar°;t t- . rh; t(t a : . c-,c vi *t air ( ra:: ],
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e a ct pl- -t ps o the -, 'r h' hane' i tun Rc6 27.
orer to immed. lte- 11,pa .. ft s ' - m c rtorm

t it)n, tlh-e sensor ~ -lO9 a mratec
p'~ c ati uci.c act C- on~ Ir-e iir- QH2,l Der T 1nc
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dv taqeof ri c,v smootr11-lr( i~

D r -ore '7 - C!n ;-I 1 aI StC C~ %ans n ea
v f,7 1 'Cl .Ct'

C V eacv tV vI -DO ay' Should:
L/ r, da e 'P ' ' -tneous indication. a;

i ~±~ n vert c> - r o'0 .le(Aid'rt
(2) ±se oa' tnca red i , fe7et, ':rinu Ce frcom zero

.1-ae etwee-.n C an-. + 200 to w, W L 1n 20 feGr nuebewe
200 0 6or 1- 6 000,,.

:4'~~~~~~ (ra oso M rnd

flI at ion.
Oc to 0 v

J -:la :: ~ -sinr'; I j '''c .,' tm 
4 hr c

0 ' t - '-

c i a' iii i ni c, itC ci, ht, n

i" '-'1l far :ome o a p'd'. 3,ro' -ru

iOt'.] r ' ( < ns /. I 'n(t .

pu t at-n of 5.Iv.rri1Ar .- '-721prc.ca An

to lIi1 ap~ia t I mi i,a". r <'4- coc r"T. tn
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Tt) t : Ai A I play s:,i Ila:
~'-v~lea "normalized"icir

;iol', I~ot intt" r~ a~ 4 n digits 0-1.0 indicate, :erc(or~t
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(c) Estimated time enrouto to any wavpoint in

memory.
(d) Estimated time of arrival to any waypoint

in memory.

(e) A two-window digital time display with the
follow ng features is recommended: a 24-hour clock readable to
seconds and a hackable elapsed time counter readable in hours,
minutes and seconds. The counter should selectively count up or
down. The clock should operate continuously from the aircraft
battery regardless of the position of the battery switch.

(12) BACK-UP FLIGHT INSTRUMENTS. The pilot's and
copilot's flight instrument systems must be designed to operate
from independent power sources so that, in the event of power
failure, the aircraft can be operated by using one system or the
other. Additionally, redundant altitude, attitude, airspeed and
heading systems, as discussed in paragraphs on these subjects,
are required. If electronic attitude director displays are in-
stalled, a third attitude indicator with the following features
is highly recommended and is required by Federal Air Regulations
(Ref. 36) for certification as an air carrier:

(a) Located plainly visible to both pilot:.

(b) Appropriately lighted.

(c) Operativ. independently of an7. ot c<
attitude indicating system.

(d) Poweren trorn a source inaeper,,eF:
electrical generating system.

(e) Operative wltto.t.cct',
failure of the electrical genratino s'/str.

(f) Co nt inu2e(: -, r li ,1 , .  ,,,, .t < - t : n -
mum of thirty minutes after tot_' ,i * , t h ect r

generating system.

(q) Be a 1.n , q n " )- q ' ,,, ,

(.3) 7H-.CL. 'O ' , for ve:-
cle configuration are tc, L1 'r,) ,.' . t . - ay e integra-te':
into one display devce

ion i n degrj of tn, wIn; f r 1 7
located on the mair, 41 r. r m c.Y ,
p ilots. Display is to ,

Dur ing transition Ihe ; f r ur
greater than 0.1 secono.



~ lte.~a~ ze in~eQJ..a/,reaciable bjy both 0
j"AL to ho >cItd o th main nrtasr oel Th, disp'i-a

Ot <(1 1 xo tr u~..O Irnu~hl Iftidlf vo tr e or

cor atfurc t ion.

t ion an d status of the la-dnn (3ea A rng e display_" readable

Tuet ii:3plavi is ito indic-.1, e rue <0 it'oqv retracted or
ul' I xtended and -ockeo wit rl - rItadily (lit: irgislhalbie in~ldc-

t icn tort ransition or mal function.

rni ntc An a er nq cf _-' re~adily reac-
ab-le b)y both pilot - i. to d.oviae a readi.v 5' stincquishable
..nd atten~tion gtti 0~ w11on oraq c(vices are not prop-
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Collision. A single indication readabi> ny
Ioth pilots is desirable. If used it must provide an alerting
signal and display for proximity warning and collision avoidance.
This, while normally "blanked" must be in an 'armed' or ready
status at all times when the vehicle is airborne. The alerting
signal must also operate through the Caution and Warning System.

Caution and Warning. "Master" indications 'or
both warning and caution are required for all sensed failures or
malfunctions. This is to be effected using two signal lights
located centrally in front of each pilot. The intensity must be
such that each is readily seen under high ambient light levels.
The Master Caution and Warning lights must each incorporate a
push actuated switch so that when lighted a push will extinguish
it. The Master Caution and Warning Lights, when activated, must
stay illuminated until the malfunction is corrected or until the
crewman pushes the switch to extinguish it. Each of the lights
must respond to an activating signal and correction of the mal-
Lunction. Each must be capable of being individually extin-
guishable by either pilot (Ref. 37) (Ref. 38). Light redundancy
is needed to precluie total Master Signal light failure.

(a) The caution and warning panel should:

(I) Illuminate in conjunction with tne
master caution ligft but extinguish only when malfunction has
been corrected.

(2) Be color coded between cautionary and
more serious (warning) systems.

(3) Have a circuit testing system which
illuminates all the individual caution and warning lights aS
well as the master caution liqhts.

(4) Be readazle in direct sniIqJIL

(5) Be dimmable for night operation.

(6) Consist or one individual deccatd ,ish
(redundant lighting to preclude outage) fo I acr systor or sI:t r
f a i L u r .

7) Provid, ure r ,usC zr ;or ,n: i-ce

usage. This light will not tr igqer the "Mast r" 1 igut-.

The nomenclaturo for tnoe liqhts. I5:

2 01:, 4 ': .
C'AIqfN [R X {,  A ;£ 1 it

A ' 1Ar('' ,' , _ '

A ,.

NI;: ]



FL> I?> 1I~ ill C i0k PW i
A/P DISC COMPARE WC
COMPARE. GS COMPART COMP
COMESRE RCA DC .'AJ L'T
COMPFB' %_" DjfO -4MM

F. FALL/OP .: wtA, FAIL/OP
W IS PI I, NS TAIL,

I IN " ' I 1: INS HOPl
1 YMSN' '0 "P 2 MESN CYPTR
!NS -,> NM IFS MODE iV
ROE PRZS BATT CHC YR
EXT AWR DOOR QINLET HEAT
1 HY': HiOT" HY D HOT?

2~~ ~ ~ ~ EY o: iDHOT
1 K" UP3 HYD PUMP
21 HY -, PUMP 4lADPI

FL PRESS RES BRAKE
LEADIuNO FLAP BOOGM UNLATCH

C 11 CARGO DOOR
COMPAR'yF V""' ENG ANTI-ICE
A' DS FUEL JUAN

Sompi ::vaps o. r a war :imqannct

A ~ iL * Dra!rzof a : in. aciai: -n t o i-nn maste; ca-
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~5 Ii~ua1eng ine fi1re warnic q, ih.
i-luminate when an overheat condition around tme engine Occur:.

(6) Aaral pilot activatc-6 sys,.em ell to
alert the crew and passengers of imminent danger such a bail
out, ditci-inq or crasn land-ing.

(16) LIGHTING. L.igchring must rso res-pon:-ve o
disolay viewinq; conditions. Thre-e connitions, listeci In ar cenc-
inq order or severity' a!7e: (1) a clear or partly cloudy sky wit,-
roe sun incident on, the display over tim -i-Lot's shoulder; (2) a
low visibili4ty diffuse surround luminance of 10,000 Foot-Lamnherts
liKe that experienced in haze, light mist or near tne tops of
clouds; and (3) sunlight incident through the a-ircraft windscreern
just over the instrument panel. glare shield and in the general
vicinity of the direction in which the instrument is viewed ry an.
air crew member.

[he orien~tation of installed aircraft isuetsmust be S:chl
that hiirect specular (i.e., mirror type) reflections of light
..ources ennance taoe perceived _eqii~lirty under this vi.ewinq con-
_Ji t io)n,. Th"e soluzion is to0 eitl-er !oIocs (or attenuazeo)

orview in whicn th-e sun is 'Located or increaszedsla uirac
to cornoensarce for the apparent increase in display background
lm in a nce.

D.VEHICL P-RFORMANCi / 7 A (ADVSRV

proper and timel" a~ ni& ac au rc ra ft mia' euive rin . c I nI:
car. De macic. QoMo a -t v a iine-s.-ar e . c
formanJFcC- W!'n COt',Ci 'orfati i- not acceptale.0 T ris0
instrum-,ent d is plu I ac y Y Z507 0( LIa

, ot iri. '~

-' R P.-"- e ourwoOlcan)
n ,i~ r25, ~ o. u~rc ~t ~t

r: oc; a c

-m '~1OoI ~ '~o 'oo t~) Wr
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M 1n m tarik :1 s ios11a 9000 oo4 6: f 1l
:anlk cn engine :aio 'ircoa>mair. tan:- r:! m:
turned on., and the lanc.inG c:ear down.

are not being red from. to e tanx to engine naiodcon: aai.

tan s..A tot~mc alert th-e ltw e' c
c, nter win(c - inl uel quant-ity fals bDelow 20'f, capacity n~~ ot:-
over rice pumps are not on and at least one Doost pump per c
is not on.

in) A sys'rem to alert tne pi lot -,f lc
.vwnenevei- rc Luel remaining is less th an t ,k- re
cc nectoto plas alternate if desicnatec.

a~'i -) -- i lsne ourI:

PRE SSORITATION. Thce ?resentlv i
01Linq criteria. C abin, al1t it1ude 'ma yr c
tc C feet bl/ tone pilots, after whIl7

13 . au toma ti1ca~± 1 c7ainta ined wit:- Ta
le c~lterc t- - imitn of 8.6 psi. Emnergen-cy

mon:"o>s are Crowloec. Ca:Din altitude is discpa''0 IO
i -e ne -~t o f c'h a n e of, ca b in a1-,i tud o i s cor t r o E

n ~ 0w 5 tr d2G ojfct ocr int. Alert/warrnnq ±~
p L v Ldic fo ~ucions and for indication of ca ,.

16) l. CONIDIOI-ONING. CocKpit and cani ttr
r~contols are =ntailed, however, actual rmea

Lu e

b71 VAMOEN. On cJhe presently0 ~ n;-<
oc).cen systonm 7-aant~ity (0-3 1liters) in- displayed a!: all -_,

In~viaa~oxygen, r-c ,oulator ors eas, wel'- an normal andno-
-rcyoxvg n flow~ a-, c. prov i ni ci s d1Fplayed on ~v"

C'w Gta or_7 al- ,wo cc tton.. near t-he ca'cc ma
A (r C/War7 inn COV) poied on tne Tg r

X, 1! q en f 1ow C, r-ain" e a-,on. Se v en -Do r' .

am *c', v-n ponal ' xyqen *mct je bracketp adsix oxje n.?
fl0 1 : ( (K), :- , i i cP' o od Quc -, dC nnnn c'\,,mq~r
prc nri t e v ';. copilot'7 -t_ o ;:,

oaC',,t i on Cr cXy '1 r teM 7,gio- i G 'Z cu.; a:n stoatnrU t,
raver n; uxa ,, t q, eX''' n TI 05 nt iO r Use ,

:0: nt e: a: xy qr:eMa to: Ing edslvda ta oro
wer f s c.Gogn oxygen w' -h 100%. n-e ected.

C. SPACE',

at~~~~~~ a-pnj.(n :amtn ncna r', r no m-.
r''gr' t t, /r,r, 4 IttC ot; ; O n q V.: :manr dv C~. I..



C l C'I: W.-. tCC.. I r-- rn(3Jfcr -inn tl n a r.
:-i, c ir~ ceq I ir rr rn c c, Cr i .,.x- P -,c z

L ;~i')n 1 -T r A ofCV
Arevy dat :or ontr- o

a;- t C

oiycitne conter 15 f tn crw member to aa acca-
+3 1: + i I.~ .. ~~r~c wi-z

--nic LTIA' i-iz )eimoa y oolow tri att -6ae 21 ia 01 -
:cr2e mode ortion>, uisp/ S t another location or, rhe
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t r, ,it .,o, cour e , course oevi at jon, (Irif -t,

.)ear ing , and ('iifl ,co in;:orma-tion, all presented with the
accuracy necessairy to ,ccc;np_'isn' a given flight maneuver profile.

The horizontal s.-, n (iis-play (HSD) must provide thne Cil-:
with the capability to selective--ly obtain any or all of tne In-
formation listed afove. It irust be displayed in such a way that
the horizontal no itior. at tho aircraft relative to the earth
terrain featuresnia~r waypoints, weather cells, formation4
aircraft and rece i, alrcratt, as appropriate, is accurate and
intuitively ob)vioucs ro as. appropriately trained pilot.

T;ach nilot Mu-, sv trCuaani Lity to individually and i~nn
destly select tho follo_',_wing- for display on his HSD: Navigation
mode, (e.g., -,~~aa ensor, computed/processed) , format (~.
standard H-SI, P'PCtronic Man7), and special functions (e.g., r ada r

ovranot-no -akuclutter, range/scale of the
di i - p, /

A color ditolay 'E e-xremelv desirable for ease of i~aea
t ion "he iill form i on the :,'SD should have the follo-,wirc
leatfes: two bearing pointzers with tails, compass ;
1 jb,-rr lie, '-eading c'elect nob, actual alph-anumeric n~~

reao'~course '-e t knon, course--seiected readout, f~u i
ca ,or for the co;-sonients ann tne navigation source, an".,
sr3 adrd HSI feaz es e.g., course aeviation, To/!2ro:- DYM r'
aircraft symbol, cosi_- arrow, h eadingq marker) . A roa
readout of groundsacee- and true airspeed is required on t'ht HS.'

-'he HSD muss- heD 1-Zerr red wits- the navig ation: fanaqerr- t ey,,!tem

andi the flight c' it -rust have f ao c a pa b iIit NC)( si s
information whicn 1-s-een placed In the msinnvgr ss
outer irn such a way that the pilotfs can accomplish the m io-,cn
scenario ( _1e.g., : i .t oi-ans placed into the navigation nc-

mont .-ystem snould uto graphicall.' displayed on the HSD).
compuster should-7 nave the capanil ity to provide dISID-ay Z-C ! Vie W
of the ent-ire ilig1-t oian within seconds. No selected j a
tion may take, longer than, one inmatre for di 1 sp lay. One , , ner, d( o f
d iso)Iav i ng eu e information on the HSD was rieve lopec ;oCr
piirlloo of veriLying these criteria and is stiown in Appn'aix

~~m of tne in or, ictjl o e nertd ita

C S ~D) fm a c, -Do t, F on-, -, orma t io n s ho ulId :-o c, y
a ai ity (..g t~M 13tiI , o reduce clutte-r and pi ov:oe 1

~' ~' ou~c~ it ~oi ~zortal information. 0aov.
jr in -,A di: t.1r. iniormsa . on, adIditionat. tr th-at oal;cr.

10for normai ).n( rI- a or purposes, o--f rrutr
.1< K - u p 51 Ig (i( (3 d CI ica(5In a P)Dfij shosilci Lo i

at -1 1 i o)n t- heao' C oios; fligh t instrument nm
Lot o j jc d_ pv ,-, c a ictv to nd i v dCil I Iv (,',

sj -ror a igrs( ; ar from winlirs eacn of) the e



i pi Lut: 1;,iect ion. Te radar imagery will either overlay
t .e Imiol geno c ited f ig t pIian route not HSI format) or wil

e disolaved, inde-entor :. Di,:oiay modes will include (ir.divid-
i -ILy, not xim tJthousi v) wetner , A PN 69 beacon, sur face ter-

rain, or :kin K1 .t. On y one dizplav mode is available to both
)ilCts a: a time. ]iowever, each pilot mav select different
ranges at .he same time. Range selections will be 4, 12, 20,
4o], 80, 160, 240 Nak. tica' Miles. Weather warning will be di-
played on HSD anvtioe a severe weather cell is detected on
r-dar. Disp)lay 0 1 dr will be sector scan or PPI as aelecte(c
ny oilots using, "tack up" mode only.



1. GENER~tA--. Contro I i- -,'C' in tr-e rotAd cont-Xt
this doc-ument to includo not! anl the manioulation o. !triCK.<
rudder and other physical activities nut th, e manipu!la-tion, cotn-
trol and direction of data processing and information flow anona
the displays, computers and automation eaquipment. In a ~n;
then control iz svnonorrous wi-h' "Command." Within thi. conte,,xt-
of complete and total control a dichotomy car. be deflne-d (a5 an
done in display) of long term (.Mission) and short tf- rm (Y1e>ic''

Control mnay ne effectea bv a v'-rletv/ or 17eclnanrn (7MfiK
wheel, rudder pedal, rotating K-nob), rotating multiple n a
switch, togqle switches, slidinc devices, pish I button, .~
mLcst be taken in the selection/desiqn to insure that c'>

cornsiderations do not. interf-erc. wit' Identification, l7,-:
operation. Pass ttons must: '-ave su~fficient "throw *>'<' "
Io as to srovde positive ta ctno feedback through
ing bet-ween adja cent -Ievice,-. mus. accommodate 95, -ercsr ,I
1,.t) w e ari4.n g 1lo v e s. possitoiiiv or inadvorter (
mas D e qua,3r d ed aqa int. toqgce switcric-S and :otary w. -

rast rav'e Llffcifflt inca'~tad dete-nt action t'-rc
t"ve tactl' reedha:ck S%,mmezrr, of snape and oo

ir an - 1 n;nep coaiinQand~ position coding ;
fmr sos Ltivo ienti: i - Lon. Al. soiring lndded l
accommoast, -,e wice( '-ance oif strength to he exnpecteci.

2. S~' SN 10 -10- c'ontrol, tto( crew i c T"r
a ct orn- ac.)l!, car rol in thx< conteZlxt- a. e ..

anpon I.- ul irnat otcorr> oftn miss ion. Tr t' 1 ' C r x'-7C
i a ceISP conrrola-1 whic-r a- operative ror t o r,-, r 0c) z-

whcha''~ac-ncern. Onviossly the actu1- Man 'pa -";ion
knon) w,,L zc 'bi ut- tno orrect ,s nnqro~n
altitlude -n anct ac3t a aa ' dalti t -do. Nav~c. n
callsI i n t am c'!t egk,)ry"; (hi> I3 -SMay YLOCLI0(Or I grZ'( d N

i a - ~o r trmiP can mecr at : n ciA I d ~c u. -: Ce (- 1-1
Syt 'Contr'oi) .Weather andrrat ar e ervi rncrt ->r

the effect of which is- gene.ral>; lona term.

SPC-'-TIM1 '7?OS !I ON ING. 'Phe- ontro).; jc'a
(cetermirn inq A ,: cross - c-,e ck in) qsp ac e-t1-ime , cos in.i na .n~

j-4r 1in ( w ith the f- Ian snho u I c,)(c i s t er ed ant,( lo c-t a ir r m, r'r
rat:. zon. F) oinq are: the crit(ria:

(1) A' r (or sen~ins ihm.,;
ir~~vi1aaiy ndI >;-*1ec'-tivoey co ntrl 1 n 'yettrn

n r, (,.I- 7 'a \' .0 ''-
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d. hEADING. '2ne headinq indication of tne aircraft xst
be selectable as to the use of magnetic north (for typical opera-
tion with navigation aids) or true north (for over water, high
latitude, etc.). The selection must control the inputs to all
heading indicators so that they present, simultaneously, true
north as a reference or magnetic north as a reference.

A redundant source for headinq is available from the AHRS and two
INS systems. The source to be used must be independently selec-
table by each pilot. If both AHRS and INS heading systems are in
use (i.e. AHRS-pilot, INS-copilot) and true heading mode is
selected, the heading signals from the AHRS will be modified
(with INS information) to supply true heading signals to selected
displays. The heading reference of "magnetic" or "true" must be
clearly annunciated to both pilots.

e. WAYPOINTS. Waypoints to be stored in non-erasable
memory are: prestored nav aids, intersections or airfields.
Additional waypoints may be inserted by the crew into a memory
which they may later change or delete. Waypoints inserted th( the
crew will have a computer assigned identifier (e.g., LLI, LL;).
These identifiers may be further expanded by the crew (by the
addition of words (e.g., LLI/COAST OUT, LL2/FIR, LL3/MARY) . Wav-
points may be inserted by the crew in terms of beacing and cis-
tance from a waypoint already defined. In tnat event the bearinc
and distance notation will be retained. All waypoints will be
defined by the computer in terms of longitude/latitude. The
flight plan can be modified at any time to go directly fromn tne
aircraft present position to any identified waypoint. Waypoint
capacity will be a minimum of 50 waypoints, recallable or reuse-
able and non-volatile. However, a guarded erase feature will
erase an unwanted flight plan from memory. A typical f piqh elan
will be programmed on a portable memory device at a location
remote from the aircraft (i.e. base operations). The programmeC
tlignt plan will be complete with desired waypoints, desired
altitudes, forecast winds, desired TAS, weight and balance com-
putations, fuel place and TOLD computations. The programmed per-
table memory device (i.e. cassette or floppy disc) will he car-
ried to the aircraft ny the crew and inserted into the niss:n
management computer memory. Subsequentlv the crew may modifv the
flight plan as desired, using the nay manacecent system in the
aircraft. After a flight plan has been fiown, a print-out caa
bility will provide the crew with a paper print-Out o! the act'1
flight plan as flown, complete with ATA, altitudes and fuel log.
,Ref . 61)

4. NAVIGATON. The pilot/machine ir-terface for contr,). I nc
tnr- ni'.gation sensors sould meet the followinq criteria. it
snoulr, provide for:

, Some am,)int of recd;ndanac' In event Co SaV (' ;

mtnagment 2 , ,'--ilure,, i., ., , seconc CDU and a iedjcatrci ;N,

:ontrol head.
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~Iy ana, ~2CC iV-c t § 1I 0:_ .pa ra t- COMLIanlr, C. I ,..-r a:-,
(one, radio ;3r cirt at- wae without inter t1erence.
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SECTION V

TEST AND MEASUREMENT

Tests and measurements are the processes for acquiring dataI
which are descriptive of physical characteristics or provide
information on performance characteristics.

The data acquired can be compared to standards for determing
compliance or non-compliance with those standards.

For decision making purposes on complex systems, the greatest
weakness is that no laboratory test has been devised that takes
into account all significant factors and produces an output ade-
quately descriptive of the total performance capability of the
system.

This section ad~dresses the alternative, the use of batteries
oif tests. These batteries of tests attempt to measure all of the
known factors which are significant to the determination of the
ultimate suitability of the system.

A. GENERAL. Test techniques can run the gamut from paper and
pencil tests on a simple component to a full blown flight test
progriam on a complete system. The general approach advocated is
one ot progressive screening pursued on two levels. on one
level, components and subsystems must be demonstrated to comply
with appropriate standards. On the other level the total system
must be demonstrated to satisfy the mission needs. Figure 12
illustrates the characteristics of progressive testing. As tests
become more sophisticated, the cost of the test and the time to
perform the test increase. While confidence in the results also
increases with the increased sophistication, the ability to re-
spond to design variations decreases and the speed of response
for examining problems decrease.
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TEST CONTINUUM

FLEXIBILITY
SPEED OF TIME
RESPONSE DURATION

CONFIDENCE-

TEST PAPER c%*\J

MODALITY PENCIL S

FIGURE 13 Test Continuum

The testing sequence recommended is to use the more economical
techniques initially and, as these are satisfied, move on to the
more extensive procedures. All test data must be available to
the assessment teams.

B. PHYSICAL. The physical characteristics of the crew system
design should conform to well known and well documented human
engineering principles. Conformance to these should be ascer-
tained by examination and measurement during the development.
These include such factors as workspace layout, shape coding of
controls, spring force in switches, "Throw" of a switch, spacing
of graduations on a dial. It would be well to review these in
the final design. Undergraduate training in such degree fields
as Engineering Psychology, Human Engineering, and Industrial
Engineering should provide the basic skills necessary for review
in harmony with standard handbooks. More complex issues require
a specifically structured consideration, the most challenging of
which is lighting and its effects upon vision.
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Some of the physicil characteristics; of the cockpit lend them-
selves to or are more appropriately considered in the Performance
Measurement (e.g., crew ingress/egress).

i. COMPONENTS. Reliance is placed upon contractor supplied
data. For each component or subsystem complete data is to be
supplied on its physical and functional characteristics including
all data on tests performed to show compliance with the indivi-
dual equipment specifications. This must include size, weight,
powe. requirements, radiation characteristics, vibrational

characteristics, temperature characteristics and human factors
characteristics.

2. WORKSPACE. Plots of Reach and Vision zones are to be
developed for the 5th, 50th and 95th percentile crew members on
accurately scaled drawings of the crew stations. The plots must
include a plan view and a forward looking view for the flight
deck and the crew member view for other work stations. Ingress/
egress is to be demonstrated by 5th and 95th percentile crew
members. Evaluation will be subjective.

3. CONTROL-DISPLAY LAYOUT. This is a physical measuremenc
of the placement of each control and each display element to
determine degree of compliance with any location data specified
in Section IV.

4. VISIBILITY. Plots are to be developed of the vision
afforded by the windows. The plots are to be in degrees with
respect to a longitudinal axis with origin at the eye reference
point (Ref. 17) (Ref. 13). These will be examined to determine
compliance with criteria specified in Section IV.

5. SEATING. (Ref. 14) Must he adjustable for ingress/
egress, including emergency egress, and adjustable for eye ref-
erence point, for required inside/outside references (to be made
intuitively obvious to the crew member); accommodate required
reach zones without readjustments; provide arm rests which accom-
modate cruise (straight and level) piloting tasks with or without
autopilot; be adjustable in four 4) axes (i.e. fore/aft, up/
down, side/side and back tilt); firm upper leg and back support
which enhances comfort and reduces inherent fatigue of long sit-
ting periods (i.e. 10-15 hours); have resilient support with
materials that "breathe" as opposed to plastic like materials
which cause hot spots and perspiration; accommodate restraint
systems without discomfort; allow complete mobility for piloting
tasks including all probable flight maneuvers as well as permit-
tinq full scan through all available viewing areas; enhance com-
munications hookup (i.e. seat involved "hung ups", pinched and
tangled head set cords); accommodate drinking cups; accommodate
a working/writing surface that will not interfere with emergency
access to flight controls and will not interfere with any flight
control movement; accommodate special crew equipment (i.e.
parachutes, exposure suits, helmets, etc.).
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6. NOISE. This will be performed only with the simulation
and flight test equipment. Each piece of equipment in the crew
area is to be turned on (to its normal operating mode) . Before
and after measurements with a soundmeter must show an increase of
no more than 5db of combined noise.

7. LIGHTING. For the lighting evaluation it is essential
that a Class A mockup be used (see page 86) . All light sources
must be presented in a faithful representation of the production
design. The mockup is to be used in a room where all external
light sources can be controlled from total darkness up to a level
representative of high ambient sunlight. With ambient at totail
darkness and subjects (examiners) in the pilot and copilot seats,
the lighting controls are to be cycled throughout the ranges and
combinations available. The subjects (examiners) are to scan for
reflections in the windows and windscreen which could be misin-
terpreted as stars, ground lights or other airborne vehicles.
All such reflections are to be identified and graphed for com-
parison with the criteria stated in Section IV. (See page 60,
paragraph 16)

with the ambient totally dark, the subjects (examiners) are to
adjust comfortable levels for the prime flight instruments and
for each of the additional controlled groups of lights. The sub-
jects (examiners) will scan for too bright or too dim indications
and for lighting color variations.

a. NIGHT LIGHTING. Activate selected caution, advisory and
warning signals during lighting inspection.

Requiring readout by the crew of selected display information
from an evaluation checklist assures that all subjects actuelly
attempt to read a representative cross section of the cockpit
information portrayed and do not simply assess information as too
bright or too dim. The inspection should also involve the iden-
tification and activation of controls and switches to evaluate
the adequacy of switch and panel lighting. Switches and controls
in locations not easily reached or observed are of particular
interest. Providing oral directions for setting switches and
controls with a follow up to verify the correct settinq were
achieved would provide a test of the adequacy of this lighting.
The setting of communications frequencies and navigation data
requires reading night illuminated numeric displays and allows
evaluation of data 1/0 using night lighted control devices.
Evaluation of other night lighted displays particularly of the
alphanumeric type and any associated control, mode, change, or
data entry functions would also be desirable as a means of draw-
ing attention to potential defects of design, layout, or function
under the night lighted condition. Assess crew performance in
achieving predetermined scenario settings.

When evaluating the effect of reflections from the windscreen,
windows, etc., small lighted real-world visual scenes could be
used external to the cockpit to act as a backdrop for evaluating
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the seriousness ot reflections. Such scenes would have to be
moved to locations behind reflections a crew member considers
objectionable. By varying the luminance levels in the scene, be
it ground tcrrain, cities, airports or star fields and noting
when the crew member considers the reflection objectionable, a
relationship between real-world observation requirements and the
lighting mockup conditions could be established.

b. DAYLIGHT LIGHTING. Evaluation of daylight cockpit
lighting is appropriate for determining how shadows cast by the
cockpit structure influence the legibility of displayed informa-
tion and for assessing the problems encountered when the sun is
positioned so that it acts as a glare source reducing display
legibility. The design effectiveness of window shades, glare
shields, sun visors or any other light blocking devices present
in the cockpit should be evaluated. The question of legibility
arises primarily for light emitting displays such as signal
annunciator lights, CRTs, light emissive numeric or alphanumeric
readouts, but should also be evaluated if controllable light
reflecting displays are present due to the potential d2grading
influence of shadows or the sun as a glare source. Clearly these
displays would have to, as a minimum, present test information
formats that can be changed as a function of time to assess the
crews ability to correctly read them and to provide realistic
crew comments on their subjective legibility and the adequacy of
the high end of the luminance setting range.

T-he glare source used to replicate the sun could be several times
the size of the sun, but would have to provide light collimated
to simulate a distant light source to enable an adequate eval-
uation of the shadows and possible reflections it would produce
from cockpit surfaces including those of the windows and wind-
screen. This is also necessary to adequately simulate the effect
of the sun as a glare source in making display readings difficult.

Sources having translucent surfaces illuminated to lO,OOOfL and
placed adjacent to the windows of the cockpit would adequately
represent the lO,OOOfL diffuse surround luminance condition
experienced in mist, haze, and near or in clouds.

8. STATIC REVIEW. The crew station(s) will be inspected by
a team of specialists assembled for this purpose. This review is
for the purpose of ascertaining compliance with the provisions of
the AFSC Design Handbook DH 2-2 (Ref. 17) and for soliciting the
judgmental expertise assembled in the Review Team. The actual
review is to be preceeded by a briefing on the design rationale.
All comments/observations of the Design Review Team should be
submitted in writing.

C. PERFORMANCE MEASUREMENT. The "proof of the pudding" is fly-
ing the real thing in a real operation. Performance measurement
is to view the proposed cockpit and crew station design in the
same context as "proof of pudding" tests. Three major stages are
employed -MOCKUP, SIMULATION AND FLIGHT TEST. Each, within the

76



limits of co-cc and capability of the s! age, is to be a complete
representation of employment of the system in a realistic manner.
These three stages differ in degree of realism (fidelity of simu-
lation) and in cost, proceeding from the gross (but cheap) Mockup
throigh the more realistic (but more costly) Simulation and
Flight Test.

In each, the concern is tor determination (prediction) of the
effectiveness of the entire complex of crew and equipment when
applied against the mission problem. The measurements are
intended to indicate the areas of weakness or deficiency and to
give some values for use in redesign.

The three stages are sequenced in time. The Mockup occurs first
and serves as a crieck upon proposed concepts prior to committing
extensive funding to equipment development and fabrication. The
Simulation stage is based upon the Mockup experience and is pur-
sued at a later stage in the system development when data is
available on the expected hardware performance and vehicle dy-
namics. The higher degree of realism in simulation testing pro-
vides refined data on performance expectations, pin points weak
spots and provides a higher confidence level in the decision to
progress to the more expensive realism of flight testing. The
Flight Test stage can be pursued in a flight test vehicle such as
the Total In-Flight Simulator (TIFS) or in a prototype of the
actual vehicle. With the authenticity of actual equipment oper-
ating in the airborne environment and exercised against the de-
sign scenario, the highest degree of realism is achieved short of
applying actual production systems in real world situations. The
degree of confidence in the design and in decisions to proceed
with production are of the highest caliber when supported by
Flight Test.

1. DYNAM4IC REVIEW. A mockup of a proposed design provides
the earliest opportunity to view the potential solution in a sys-
tem context. Gross inadequacies of placement and relationships
are easily discernable. Initial judgment can be made as to the
suitability of the design when considered for mission applica-
tion. it provides an opportunity to screen out gross weakness
at a relatively low cost ana1 prior to committment of expensive
fabrication of prototype equipment.

This test develops the time dimension of the mission and examines
features of the crew interface within and external to the vehi-
cle. Prime method is through role playing by subject rre's and
experimenters. Using sorties extracted from the Design Scenario,
(to produce an Evaluation Scenario) flight crews are to engage in
a role playing simulation of the sortie, sequencing through pre-
flight, the sortie "flight", post flight debriefing, post flight
questionnaires and post flight interviews. The scenario to be
employed in the Dynamic Review encompasses all types of mission
tasks, meteorological conditions, SKE (station keeping) forma-
tions, instrument approaches, and hostile environmental condi-
tions which the tanker would be expected to encounter. It also
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includes multi-tanker as well as single-tanker sorties. The sce-
nario is divided into three sorties. It is described in detail
in Appendix A. Measurement is based primarily upon observations
by the experimenters, the use of questionnaires, and interview by
the experimenters. The crew activities are recorded on video
tape and all verbal communication is tape recorded for subsequent
review by the experimenters. Preliminary assessment of workload
is accomplished by means of having the crew perform time estima-

tions as secondary tasks while flying the mission.

a. PROCEDURE. Each of the subject crews are to receive4
identical treatment starting with the Initial Briefing and pro-
ceeding through Ground School, Preflight, Flight, Postflight and
Interview.

Initial Briefing. There is a need to explain the role playing
concept, the limitations of the mockup in simulating the problem,
the general objectives of the experiment, an overview of the
agenda, expectations of the subjects and convey an appreciation
for the place and value of this test in the context of the total
program.

Ground School. The purpose of ground school is to acquaint the
crew with the function and operation of the equipment which they
will encounter in the crew stations. They are to be given dia-
grams showing the layout and position of every display and con-
trol. A specific briefing is to be given on each device which
is new or which differs from that with which they are familiar.
Information sheets and diagrams are to be provided for each of
these devices.

The crew is informed that the only way it can reasonably evaluate
each design is for each person to project themselves totally into
the mission. This entails imagining that they are involved in an
actual mission. They must respond to and make necessary commnuni-
cations, twist knobs, flip switches, monitor instruments, manipu-
late the controls and in general act and conduct themselves as if
they were really flying a mission. Substantial contribution on
their part is necessary since there is no functioning simulation
of instruments or controls, other than a functional communication
system.

Preflight. This should be conducted by an experimenter who is
thoroughly familiar with such real life events and should appro-
ximate the realism of preflight briefings normally used in an
operational squadron. The particular sortie to be flown is one
of the legs from the Design Scenario (Appendix A) . The selection
of sorties for the crews and the sequencing should be a balanced
experimental design as in Table 1.

Flight. The crew enters the mockup and proceeds through all nor-
mal checklists, procedures and communications for flying the sor-
tie. Although switches, knobs, etc., may not function the crew
member must touch and simulate operation in order to evaluate
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system control requirement and control placement/location. This
process of evaluation enhances subject participation in role
playing which in turn allows subjects to evaluate the validity of
the mission scenario. Experimenters are to perform role playing
functions for tower, command center, other aircraft and other
radios in their respective role playing capacities.

Time durations should conform to the mission plan. An experi-
menter/observer is to be in the cab during this flight for the
purpose of administering timing tasks to the crew members, for
assessing workload and for general observation. A time estima-
tion technique is used for one indication of workload (Ref. 45)
(Ref. 46) . This is initiated by the experimenter in the cab at
the times indicated in the scenario. The experimenter also is
to use the Experimenters Workload Assessment Form (Appendix D)
during the Flight.

Postflight. This is the concluding episode for role playing pur-
poses and is a transition into a questionnaire phase. Each crew
member is to fill out a questionnaire (shown in Appendix B).

Interview. Each crew member is to be interviewed to elicit com-
ments, criticisms, suggestions and other responses with regard to
his personal assessment of the mission, the tasks, working rela-
tionships, crew duties, workload, errors, cautions, concerns,
crew system design concepts and the experimental procedure.

b. SUBJECTS. The subjects for this test must be several
complete crews from operational squadrons of SAC who are cur-
rently assigned to the KC-135 aircraft. A minimum of three
crews and preferably nine crews must be used representing low,
medium and high experience levels.

C. EXPERIMENTER'S SCRIPT. The Experimenter's Script
(see glossary) is used by the experimenters to "drive" the
experiment and to assure that all data crews are exposed to the
same mission situations and time constraints. In actual prac-
tice, the experiments must also respond knowledgeably to com-
munications initiated by the aircrew. Thus the experimenter(s)
must be intimately familiar with communication within the
aircraft environment and with the mission to be flown. In addi-
tion to the "words" to drive the experiment, staging for each
particular experiment appears with the script along the time line
(e.g., initiate engine failure, make radar blip appear, radio
transmitter weak and scratchy, monitor information being placed
into the nay management system) . While the script words remain
the same for each system evaluated, the staging will change
according to the peculiarities of the system. The Experimenter's
Script is included as Appendix C.

d. SUMMATION. For each group of crews on location for
the test, the final activity is a group meeting with the experi-
menters. Open discussion (questions, comments) is to be devel-
oped for the exchange of views. The resolving of uncertainties
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TABLE I

SUBJECT SCHEDULING

CrwDyDay 2 Day 3

Number Run Leg Run Leg Run Leg

1 1 1 3 3 2 2

2 2 312 31

3 3 2 2 1 13

4 113 3 2 2

2 3 1 2 31

6 3 2 2 1 1 3

7 1 1 3 3 2 2

8 2 3 i2 31

9 3 2 2113



and tor the final summation of each crew member's opinion. Each
crew member is to fill out eight questionnaire sheets (Appendix
E) summarizing his overall reaction to the proposed design.

D. EQUIPMENT. Test techniques can run the gamut from paper and
pencil tests and interviews to full blown flight test programs.
Consequently the equipment to be employed could encompass vir-
tually every known measuring device. In the discussion of equip-
ment, only the unique and highly specialized needs will be
addressed.

I. MOCKUPS. A full scale mockup of the crew areas is a
prime requirement for early viewing of interactive factors of
the design concept. As the design process progresses more
detailed examinations can be effected but the demands upon the
accuracy, fidelity and completeness of the mockup change.
Consequently three categories of mockups are defined to provide
for these differing requirements. These are defined as follows:

Class A - The highest degree of accuracy and fidelity is embodied
in this class. All dimensions are accurate to + 0.1". The wind-
screen, windows, canopies or other transparencies are either the
actual final design or are fabricated of the actual material to
the actual dimensions. They must have the identical characteris-
tics of transmission, reflection and distortion. All control or
input elements movable in tne final design must have tne movement
faithfully represented (control wheel, rudder pedals, switches,
knobs, levers, etc.).

Surface texture, reflectance, color must accurately reflect the
intended production characteristics. The total lighting system
must be included to permit the full spectrum of capabilitie,; tc
be demonstrated. The communications system, as perceived by the
crew, must be a faithful representation of the final design. In
so far as is practicable the actual equipment is to be used (e.q.
seats, charts, throttles, rudder pedals, etc.).

The crew station must be complete with walls and closures so as
to permit control of ambient liqht and sound.

Class B - A medium degree of fidelity is considered appropriate.
Structural dimensions should be accurate to + 0.5" and component
placement accurate to + 0.25". The communications system must
s;imulate correctly the operational concept. Windows and canopy
structure should he represented but substitute materials may be
used. Three dimensional aspects of control devices and display
devices should be represented by any suitable medium. Instrument
faces and placards may be drawings or pictures.

Class C - The simplest with the minimum degree of fidelity i-s
generally approximations of structure and surfaces with inexpen-
sive material. The moc~up may be fabricated of inexpensive
material (e.g., foam core, cardboard, plywood). All surfaces,
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A SS E S S M E LN'1
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Decemination o, tlhe suitamiiitv anG acceptability of a spe-
C Liiccrw system-i aesiun cannot be done my some simple, direct

:ea 'rement. Batteries of tests are used to determine compliance
wi t exp' icil % statl ed criteria, standards or specifications.
Th'ey. elicit data about characteristics and performance. Aithouah
th-ey may be extensive, comprehensive and expensive, they are not
the finalI wo r d. Decisions must involve human judgment.

There is a righ mobanility that all sigf icant variables have
r~nidentif ied-, characterized and measured.
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(I C t rn& r-ole of management to effect the judgment
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There, are several dlifficulie- in. getting and correlating the
iidqments of the crows which can be compared to the problems
ot cColihratirlg aroi reading an instrument. The Cooper-Harper
rating scale, whicrs is well Known through the aero industry is
an approach to this problem for purposes of judging handling
qualities. it permits the organizing and collating of many
opinions in a semi-quantitative manner. It permits arbitrary
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judgment by an individual but provides a standardized descriptive
scale to aid in conveying an appreciation of the depth or degree
or intensity of his thoughts. It capitalizes upon the experience
level of the individual.

Assessment should take into account the reams of measured data
and the subjective opinions of the participating crews and should
do so according to a process which permits replication and
assures credibility.

Consideration in an overall assessment must be given to the hard-
ware/physical properties, which are not responsive to crew judg-
ment, as well as to the performance properties. For example:
Survivability is dependent upon having the right information
and control capabilities, a performance property. It is also
dependent upon having reliable equipment, a physical property.

B. ASSESSMENT. A conclusion about the suitability of a crew
system design for this vehicle must include consideration of many
factors. These include Mission Performance, Degraded Mode Per-
formance, Efficiencv, Effectiveness, Survivability, Reliability,
Durabilitv, Maintenance, Producability, Cost Effectiveness,
Training, M intainability.

These fact: car, ;e grouped into Performance Assessment and
P.tscal "y s i scent. n both instances the onjective is to use a
svstematic- proce-> tor acquiring and merging the judgments of the

I. P LNWRMAN~Z. Performance assessment is accomplished by
two groups or individuals, the subject crews and the experimen-
ters. Both re specificallv concerned and deeply involved :n
performance of the system )ut they have vastly different back-
groundJz and expertise which can greatly enrich the assessment
process. The crew subjects represent a cross section of the
operational comimunity who will be using the vehicle. The experi-
menters have a breadth of experience across many missions and
programs.

'ihi asscssment rr i o ce accomplished for the Mockup Reviews, the
Simulator Test and the Flight Test. Each subject crew member is
to provide a personal assessment in each of four areas - MISSION
FFLCTIVENESS, WORKLOAD, EMERGENCY, CREW ACCOMMODATION. The

Mission area is further divided into five specific portions -

TAKEOFF, ENROUTE, REFUELING, CARGO DELIVERY AND LANDING.

The subject crew member's assessment is his final contribution in
the routine of the test. Each subject should have the opportu-
nity to "digest" the experience, participate in post experiment
debriefinjs, interviews and discussions as an aide to formulating
his individual reactions. Each subject is to present his assess-
ments, no later than two days after his participation, using the
Performance Assessment Forms (Appendix E).
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The exper imentets sessment i:; t o be iccompl iched only after all
subjects have been run and the experiment concluded. It is to
reflect their individual judqments based upon their experience
and thelir observations during tihe experiment. The same forms
(Appendix E) are to be used.

2. PHYSICAL. Physical assessment is to be accomplished by a
team of specialists to be designated for this task. This team
must include one reoresentative for each of the following areas:
Logistics, Maintenance, Avionics, Training, Flight Control,
Behavioral Science, Life Support, Lighting, Electronic Warfare,
Computer Science, Control/Display.

This team will require a substantial amounL of time and support
in order to render a credible judgment. They must be: briefed
on the equipment design and the rationale for the design; provided
data on tests performed to determine compliance; and provided the
opportunity to examine the equipment.

A preliminary assessment is to be accomplished at the time of
the Simulation experiment and an assessment is to be correlated
with the Flight Test program and as soon after finalization of
equipment as possinle.

Each member of the team is to render an assessment, using the
Physical Assessment Forms (Appendix F).

C. RATINGS.

1. GENERAL. Any evidence of conflict in crew activities
(competition for a control head, incompatible commands or control
actions) is a basis for immediate disqualification of the design.
Phis is a condition I (RED) rating. (Testing may not progress to
levels two or three until the deficiency is corrected.) Any
errors in any crewman's performance which could precipitate an
accident or failure of the mission is also a condition 1 failure.
Any portion of the flight which shows high workload on a crewman
while simultaneously permitting a low workload on any other crew
member is a condition 2 (AMBER) rating.

2. PERFORMANCE. Judgments have been made by each crew
member and by experimenters on the system during various tasks
and flight phases. These judgments have been recorded on Per-
formance Assessment Forms (Appendix E) which provide a numerical
value for the judgment made. These numerical values provide for
the statistical summation of the collective judgments. A mean
value of 1, 2, or 3 must be considered a Condition 1 (RED)
rating. A mean value of 4, 5, 6, or 7 must be considered a
Condition 2 (AMBER) rating. Mean values of 8, 9, or 10 can be
considered a Condition 3 (GREEN) rating.

3. PHYSICAL. Judgments have been made by each team member
on one or more areas of concern. These judgments have been
recorded on Physical Assessment Forms (Appendix F) which provide

8 6



a numerical value for the judgment made. These numerical values
provide for the statistical examination of the collective judg-
ments. The mean value is the basis for establishing a rating. A
mean value of 1, 2, or 3 must be considered a Condition 1 (RED)
rating. A mean value of 4, 5, 6, or 7 must be considered a
Condition 2 (AMBER) rating. A mean value of 8, 9, or 10 may be
considered a Condition 3 (GREEN) rating.
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APPENDIX A

DESIGN SCENARIO

An overview of the design scenario is depicted in Figure A-i,

"Ribbon-in-the-Sky".
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LORING T) U. K FiGH' RI 1)t- PLOY,.4iNI' SUPPORT
(1,;G )

The 3905 Strategic Aerial Retu<.aink Wing, Loring APB has been
alerted for a Coronet mission to support an increased readiness
posture in Europe. A deployment irag is dispatched which directs
a five ship tanker force from Loring AFB to support an A-7 unit
deployment from McGuire AFB to RAF WiNttering. Proposed launch
time is 1100Z which is three hours from now. The mission is
identified as Coronet Eagle.

Eagle Tanker crews attend the deployment mission briefing which
covers crew and aircraft assignment, spares, fuel loads (160,000
pounds), parking spots, navigation routing, procedures for mar-
shalling, departure, formation, join-up, cruise, rendezvous, re-
fueling, and recovery. Status of tanker force is identified as
preflighted, but not cocked. Airborne command post (call sign,
Head Dancer), Duckbutt I , weather and alternate recovery proce-
dures are also detailed. An intelligence briefing outlining the
European political instability and prognosis of deterioration
completes the mission briefing. Eagle crews receive mission
kits, obtain a time nack and disburse to complete individual nay
planning and pre-departure tasks. The following scenario des-
cribes the activities o. the crew in the #2 ship (call sign, Esso
2) of the five ship cell (Esso Lead through 5) who are supporting
the Coronet Eagle Joplovment of 12 A-7 receivers (call sign,
Hotel Sierra 1-12). Esso Lead and 2 will deploy to Mildenhall,
while the other three taneors return to Loring after offloading
fuel to the receivers.

Prior to departinq the briefing area, Esso Lead pilot conducts a
pre-mission briefing with other cell aircrews coverinq com;iun}-
cations, taxi, takeoff, climb, level off, join-up, formation
tat-, icl, of floads , and ARCT>; - i) 221, # ) Z)3Z, 024',
r4) 1645Z. Weather and emergency procedures are also covt-eu.

'The hoom opera toL rdeparts to coordinate tor n1 iqnt meait wal
the pilot; review -ind complete flight planning forms, chart: ,t
maps. Subsequent Ly , the crew ol Esso 2 loads: all r eqk. i r eo qp-
mont on the crew bus; and depar ts base ops at 093 1)Z. At 09427,
the Coronet tanker crews arrive at their respective aircral t Tor
prto liqht and i inal crew brietings. Taxi out is rout ine. Ls.- 2
exper iences w Oter failure on takeoff, aborts, roturn, to t,, -
rnerhead to cnieck the system, resets circuit breaker and completes
.,at i:;factor,,,- check out.

The remainder of the formation departs on schedule and Esso "I
departs 15 minute;s behind the leader. A routine IMC departure

IA C-i 0 that flies the North Atlantic carrying rescue,/surviva
equ i pmen t.



i-s made with weather at 200' and 1/2 mile. After airb)orne a
change of flight plan is requested to shorten the route so a:
to rendezvous with the tinker cell over the ARCP at Halifax ('Th:'
at 1152Z prior to the scheduled rendezvous with the receiver..
During level off at FL290 the aileron axis of the autopilot i"1.:
and cannot be revived. Due to their late departure, Esso 2 i],mins
the cell in the Esso 5 position and assumes the call sign oi i>:so
5. During tanker join-up at Halifax, Esso 5 experiences a qener-
ator failure which is resolved. During A/R #1, Esso Lead and 5
refueling systems are checked by providing a token offload.
After the non-deploying tankers have twice refueled the fighters,
they return to Loring and Esso 5 moves into the #2 position.
isso Lead's radar becomes inoperative so Esso 2 assumes respon-
sibility for formation station-keeping and weather avoidance
through an extended area where numerous diversions around weather
cells are required. At 30" West, halfway across the Atlantic, a
third A/R is accomplished except for Hotel Sierra 12. After
several unsuccessfol attempts to refuel and tow, Hotel Sierra 12,
accompanied by Hotel Sierra 11, heads for the closest landfall/
airport - Shannon, Ireland with a projected flame out 40 miles
short of the airfield. Esso 2 coordinates The problem with Head
Dancer and Air Rescue Service and proceeds with the remainder of
the Coronet Eagle contingent to the U.K. The fighters top off
near Lands End and subsequently break away from the tanker cell
to recover at RAF Wittering. The disabled receiver and escort
are assisted to Shannon by Head Dancer and Duckbutt. Esso 2
accomplished a minimum weather recovery at RAF Mildenhall at
1820Z.
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~:rCr LO "W nowrt oS n ae ae rt I
p ~ ~ ~ d 'K.:~r~~oe c et re 01 low iSO I53 ni

n.i 5o A, I I~ siq n F i io 66. ':he mi ssion
n ao col ofKC 3

AM c uenna.- a sI-o a reinnezvoas
1 i c-r ir o m trio Ufn ted States. The rn~

n n i - udearea at N 73 *CC GCO 0

c:t- t-o o 130,000 pounds pet- eac>- EC-I
- ccv'tr', In, ~ rwv The leadi KC-135, FilIi p 6, 1 ,

.tbDC ,si~e for t'e navigation and communicatio. en r o t e
66 wil 1 ollow in formation and maintain nis relative co
ton rf Ne e p nc r on' tr eaa ad3i r c ra ft. The crew wil

.-- d monitor commnications as a backup. The crew nas 7'ac n re
mission and coimpleted the necessary f light planning. T'
crall: .s cocKed. Tne proposed flight plan and the ai.-crafJ
.~aigand relative position on the alert p ad (1 1a ve e .

.n the navigation sy..stem; however, the INS gyros are not

_, n Overview to this portio of the mission scenar~c
ies_- save nroken out between Communist block countries

i riendiv nations. As a result, the SAC alert force ha l:-
nG 1-s oroceodinq toward target areas. The two shio Cel 0

KC-135s depart RAF >l.ildenhall at 2200Z, nighttime,
foot ceiling and 7 nautical miles visibilitv. T hev c Ii m.
22290 and FL295 respectively, and proceed in 1MG cond~ icor
normal navigation and station keeping procedur(es direct
0o.'Crwater, high latizude rendezvous with their two B-5s
Ors. Approximately four hundred miles prior to t1ao ARCP,
leaci KC-135 experiences an uncontrollable engine fi.re.
aircraf t leaves th-e formation and sets course towarca

ocvev ass-, while Filip 66 Droceeds. ',\hen, aoo:-c-,sa -3
aseveral severe thinderstorms with tops e:iae

2>400 are s-1etected in the planned refaeling track,:D ':rv
7 two 3- 52 r eceiv;e r s, Bo zo 21 a nd Bozo 24. A new r

* cl ear of the thunderstorms lis plotted and coort raz' ,
-,'en aircraft. Authentications are completed and a i
madec to the new rerueling track. A point parallel ~~

is completed. Filip 66 refuels both Bozo 21 and 24, sir~c
t I nr tanker was not available. Filip 66, with on.Ll
IoLI, recovers at the nearest airfield, Bodo. Norway.CL

na-vicqation aids have been shut down or jammed so an 31i ornc
raciar approach (ARA) is made with only enough fuel lor one-
approach. The weather at Bodo is a 400 foot coiling anc- I n-
tical mile visibility in nighttime conditions. This lo., o-
miss.-ion is further complicated by a stabilizer trim fa: _1i
(lop)artUre, the tankers rendezvous beacon being inoperat ive, :o-
'j-(1J Lfums from the air conditioning system, beinc. detect-,s
11_h( aorial refue-ling of the B-52s and two engines flaminc.o
ram fle traion on, final approach prior to a scosu

recovery at Bodo, Norway.
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BOD CONTINGENCY MSSION
(LEG 3)

',The KC-135 has been towed off the taxiwav at Bode, rr.inztnance
discrepancies have been corrected, and it has been refieled wit,
120,000 pounds of fuel. A thru-flight inspection has beer, per-
formed by the crew chief. The pilots proceeded to operations
where they contacted their operation center through NATO land
line communications. They reported Filip 61's emergency, his
dn.krown disposition and the amount of fuel offloaded to each of
Bozo 21 and 24. They were directed by their operation center to
relaunch as Lead in a two ship cell with Taco 33, another KC-135
v.hich recovered at Bodo. Taco 33 has an inoperative navigation
ranagement system, but an operable radar. They are to proceed to
an anchor point over the Baltic Sea at N58'40", E19"40" to refuel
mualtiple flights of fighters striking targets in Western Eurasia.
The air refueling control time (ARCT) is 0845Z. The tankers'
altitudes in the anchor will be FL290 and FL300. The receivers
will be authenticated and vectored by GCI Control. Fiiip 66 and
Taco 33 are to remain in the refueling track until they have only
enougn fuel remaining to safely recover at Aalborg Royal Danish
Air Force Base, Denmark.

'ne crew obtains an inzelligence briefing from NATO Ops. NATO is
involved in a limited hostilities with the Soviet blocK nations.
Aircraft are operating on tactical clearances without air traffic
control clearances. Some control towers and military radars are
operating. Most navigation aids are operational and jamming and
interference is taking place on all communication radios. Nu-
clear detonations are possible. Crew are advised to wear gold
goggles. Enemy fighter aircraft have been reported infringing
upon free airspace from both ground bases and aircraft carriers.

Mission and crew briefings are completed. The cre inserts trhe
proposed flight plan into the nay management system. he INS
systems are aligned prior to taxiing. As Lead, Filip 66 makes a
two ship, day, IMC departure with ceiling at 400 feet and visi-
bility at I mile. The aircraft climb to FL290 and FL295 respec-
tively, and proceed to the anchor point, where the pattern is
established prior to the control time. Taco 33 climbs to FL300.
Enroute to the ARC., an electrical system malfunction occurs and
subsequently the pilot's nay management system control/displx
unit (CDU) becomes inoperative, requiring all further navigation
interface to be conducted through the copilot's CDU. GCI
assistance is not available until after the aircraft are in the

anchor.

GC vectors numerous F-15, F-16, A-7, and F-4 aircraft, forma-

tions and single ships, in for refueling from both tankers.
F'ighters are both inbound to and outbound from target areas.
Some are required to hold out while others are on the tanker.
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Some are extremely low on fuel, requiring coordination of prior-
ity treatment. In one case Filip 66 is required to cut short the
anchor and proceed toward a point away from the anchor pattern
closer to an emergency fuel fighter. The pattern is also compli-
cated by several weather cells which must be circumnavigated
along one side of the anchor.

After approximately 1 1/2 hours in the pattern, enemy fighters
attack the refueling formation. A nuclear device is detonated
and Filip 66 is subject to an electro-magnetic pulse (EMP). The
loss of all non-hardened avionics systems ensues, leaving Filip
66 without communications and with only limited flight instru-
ments and navigational capability. Most electrically operated
controls and indicators are inoperative. The boom operator, in
the boom pod without his goggles, is blinded by the flash. Filip
66, unable to see or communicate with Taco 33, turns southwest-
ward and descends to FL140 to maintain terrain clearance. He
continues to dead reckon to a position believed to be over the
North Sea just west of Denmark and makes a slow spiraling descent
to VMC conditions over the water. He then turns northeast and
proceeds until landfall on the northwest coast of Denmark. Using
dead reckoning he proceeds visually to Aalborg Royal Danish Air
Force Base. A visual approach is made to Aalborg with the ceil-
ing at 1,100 feet and the visibillty at 3 mlles. The landing
gear and wing flaps are extended manually and a successful
landing concludes this portion of the mission.
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APPENDIX B

QUESTIONNAIRE FOR CREW REACTION
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CREW REACTION

WORK LOAD

Crew Position

Crew NumberMission Segment:

Deployment/EWO/Contingency
AP Ist Half/AP ist Half
BON/COF/POF
N/U/UPS

For the previous mission segment, mark on the scale the position
which best reflects your judgment of the workload for you for
each of the following topics.

High Medium None
1. TAKE OFF 1 1 1 ! '

2. DEPARTURE I II

3. CLIMB I ' I

4. CRUISE I. .1
C5 10

5. AERIAL
REFUELING I ' I I

0 50

6. DESCENT 5 --.

7. APPROACH AND
LANDING I ' _! I ____L]

01

8. NAV I (;ATION ________'___ 1
05 0

9. COMMUNICATION I A) __

10. PILOTING I ! ! J

11. PAPERWORK 0 ,
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APPENDIX C

EXPERIMENTERS' SCRIPT
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APPENDIX D

WORKLOAD RATING SHEET

FOR USE BY EXPERIMENTERS
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APPENDIX D

EXPERIMENTER' S OBSERVATION

WORKLOAD

SORTIE:

Crew Crew Crew
Position Position Position

H M L H M L H M L

o 10 -0 -5 170 0 -5 10

I Q I ! !I I ! ! I I !I

0 5 10 -0 5 0o .0 .5 10

-0 5 10 -0 5 1 0 -0 5 10

F 3 0: . . .! o o 1 1 1 ! ! I I !. . ! ! ! I
L 10 0 5 10 0 5 10
I
G
H 4 I .! I I .. Ir . ... IL

T 0 "5 10 0 5 10 05 10

T . . .5 --!A I J. A. I . .
M 0 5 10 0 5 10 -0 5 10
E

I 3 5 10 0 -5 -10 -0 5 10
N
E

0 5 10 0 -5 10 -0 " 5 10

8 1 ! ! ! I ! f ! ! I ! ! I ! I I ! ! ! I ! I ! !
0 5 .0 5 .0 0 5 lo
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APPENDIX E

PERFORMANCE ASSESSMENT QUESTIONNAIRE
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APPENDIX E

PERFORMANCE ASSESSMENT

Crew Position: _________

AREA BEING ASSESSED: (check one block only, use separate sheet

for each block, a total of 8 sheets)

DWorkload
D] Emergency
D] Crew Accommodations
DMission Effectiveness

D Take off

D- Enroute
DRefueling
DCargo Delivery
DLanding

Check the box which best reflects your opinion.

D 1. Not acceptable. Unsafe to use. I won't fly this
cockpit.

D 2. Not acceptable. Cannot perform the mission. I won't
fly this cockpit.

F 3. Marginal. Performance entails great difficulty or
risk. Probability of successful mission is under
10%. I don't want to fly this cockpit.

D 4. Marginal. Performance is very demanding.
Probability of successful mission is under 50%.
I don't like flying this cockpit.

D] 5. Marginal. Performance is demanding. Probability of
successful mission is under 70%. I don't like flying
this cockpit.
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D 6. Conditionally acceptable. Requires modification. I
can fly this cockpit.

D 7. Conditionally acceptable. Requires changes and/or
adjustment. I don't mind flying this cockpit.

F]8. Acceptable. Requires minor changes. I like flying
in this cockpit.

D] 9. Acceptable. Requires minor adjustment. I like
flying in this cockpit.

D 10. Completely acceptable. I like flying in this
cockpit.

NAME ________________ _

COMMENTS: (Please expand upon your reasons for the rating which
you gave.)
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APPENDIX F

QUESTIONNAIRE FOR PHYSICAL ASSESSMENT
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APPENDIX F

PHYSICAL ASSESSMENT

AREA BEING ASSESSED: (check one block only, use separate form
for each block which you assess)

D LOGISTICS DTRAINING D FLIGHT CONTROL
D MAINTENANCE LIFE SUPPORT D POWER PLANT

D] RELIABILITY D] LIGHTING LICOCKPIT GEOMETRY
WSURVIVABILITY ~HUMAN FACTORS ~EXIT/ENTRY,ESCAPE

~AVIONICS ~ INSTRUMENTS AND

CONTROLS

Check the box which best reflects your opinion.

7] 1. Not acceptable. Unsafe, impractical, failure prone,
enormously expensive.

2. Not acceptable. Potentially correctable with major
redesign.

3. Marginal. Discrepancies which can seriously lower the
probability of mission success or survival.

7]4. Marginal. Discrepancies which are serious and can
lower the probability of mission success or survival.

D5. Marginal. Discrepancies which have significant impact
and which reduce the probability of mission success.

7]6. Conditionally acceptable. Discrepancies which have a
LJ significant impact and which must be corrected. Not

cost effective.

LI7. Conditionally acceptable. Discrepancies which have a
small but significant impact and which should be
corrected.

8. Acceptable. Minor discrepancies which should be
adjusted.
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D] 9. Acceptable. Very minor discrepancies which do not
have significant impact.

D10. Completely acceptable.

NAME _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

COMMENTS: (Please expand upon your reasons for the rating you
selected.)
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